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(54) Ethylene/AJpha-olef in copolymer and process for preparing the same 

(57) A copolymer (A) of ethylene and an a-olefin having 6 to 8 carbon atoms, the copolymer having: 

(A-i) a melt tension (MT) at 190°C and a melt flow rate (MFR) which satisfy the relationship 

9.0XMFR" 065 > MT > 2.2XMFR" 084 ; 

(A-ii) a flow activation energy ((E„)x10" 4 J/molK) determined from a shift factor of time-temperature superposition 
of the flow curve, a carbon atom number (C) of the a-olefin in the copolymer and a a-olefin content (x mol%) in the 
copolymer which satisfy the following relationship 

(0.039Ln(C-2)4O.0096)xx+2.87 < (EJxIO" 4 <J (0.039Ln(C-2)+0.1660)xx+2.87; 
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(A-iii) a haze value when formed into a film having a thickness of 30 nm by inflation molding, a density (d) in g/cm 3 
and a melt tension (MT) which satisfy the following relationships: 

when the flow index (Fl) defined as a shear rate when the shear stress reaches 2.4x1 o 6 dyne/cm 2 at 190"C and 
the melt flow rate (MFR) satisfy the relationship Fl 2 100xMFR , 

Haze < 0.45/(1 -d)xlog(3xMT 1 - 4 )x(C-3) 01 

when the carbon atom number (C) of the a-olefin is 6, or 

Haze < 0.50/{1 -d}xlog(3xMT 1 - 4 ) 

when the carbon atom number (C) of the a-olefin is 7 or 8, 
and 

when the flow index (Fl) defined as a shear rate when the shear stress reaches 2 4x1 0 6 dyne/cm 2 at 190"C and 
the melt flow rate (MFR) satisfy the relationship Fl < 100xMFR , 
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Haze < 0.25/(1 -a> log^xMT^MC-S) 0 ' 1 
when the carbon atom number (C) of the a-olefin is 6, 

Haze < 0.50/{HJ)xlog(3xMT T - 4 ) 
when the carbon atom number (C) of the a-olefin is 7 or 8. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an ethylene/a-olefin copolymer, and more particularly to an ethylene/a-olefin 
copolymer having excellent moldability and capable of producing films of excellent transparency and mechanical 
strength. The invention also relates to an ethylene copolymer composition whose content and usefulness are substan- 
tially the same as those of the ethylene/a-olefin copolymer. 

[00021 The invention further relates to a composition comprising either the ethylene/a-olefin copolymer or the ethyl- 
ene copolymer composition and another ethylene copolymer. 

[0003] The invention still further relates to a process for preparing the ethylene/a-olefin copolymer. 
BACKGROUND OF THE INVENTION 

[0004] Ethylene copolymers are molded by various molding methods and used in manyfields. The properties required 
for the ethylene copolymers differ from each other according to the molding methods and the uses of the copolymers. 
For example, in the production of an inflation film by a high-speed molding method, an ethylene copolymer having high 
melt tension for its molecular weight must be selected in order to stably perform high-speed molding free from occur- 
rence of bubble swing or bubble break. The similar properties are required to prevent sag or break in a blow molding 
method or to lower reduction of width to the minimum in a T-die molding method. 

[0005] In Japanese Patent Laid-Open Publication No. 90810/1981 or No. 1 06806/1985, a method of increasing melt 
tension or swell ratio (die swell ratio) of ethylene polymers obtained by the use of Ziegler catalysts, particularly titanium 
catalysts, to improve moldability of the polymers is reported, in general, the ethylene polymers obtained by the use of 
the titanium catalysts, particularly lew-density ethylene copolymers, however, have wide composition distribution and 
contain components which cause tackiness when the polymers are used as molded products such as films. Therefore, 
decrease of the components causing tackiness has been demanded. 

[0006] Of the ethylene polymers produced by the use of Ziegler catalysts, those obtained by the use of chromium cat- 
alysts have relatively high melt tension, but further improvement in the heat stability has been demanded. 
[0007] A great number of ethylene copolymers obtained by the use of olefin polymerization catalysts containing tran- 
sition metal metallocene compounds have high melt tension and excellent heat stability, so that they are expected as 
copolymers filling the above demands. In the ethylene copolymers obtained by the use of the metallocene catalysts, 
however, the meft tension (MT) is generally proportional to the flow activation energy (Ea). 

[0008] Polymers having high meft tension show excellent moldability because the bubble stability is good as men- 
tioned above, but they show high flow activation energy (Ea). and this means that the molding conditions thereof have 
great dependence on the temperature. Therefore, if the molding conditions are not controlled very strictly and uniformly, 
the resulting molded products suffer unevenness. For example, films may have low transparency. 
[0009] When the flow activation energy (Ea) is low, occurrence of unevenness in the molded products can be inhib- 
ited, but because of low meH tension, unstable bubble is produced and hence moldability is lowered. 

OBJECT OF THE INVENTION 

[0010] The present invention has been made under such circumstances as mentioned above, and it is an object of 
the invention to provide an ethyiene/ct-olefin copolymer having exceDent moWability and capable of producing films of 
excellent transparency and mechanical strength. It is another object of the invention to provide an ethylene copolymer 
composition whose content and usefulness are substantially the same as those of the ethylene/a-olefin copolymer. 

SUMMARY OF THE INVENTION 

[001 1] The ethylene/a-olefin copolymer (A) according to the invention is a copolymer of ethylene and an a-olefin of 6 
to 8 carbon atoms and has the following properties: 

(A-F) the meK tension (MT) at 1 90 «C and the melt flow rate (MFR) satisfy the following relation 

9.0XMFR- 0 65 > MT > 2.2XMFR" 0 ' 8 *, 

(A-ii) the flow activation energy ((Ea)xl 0" 4 J/molK) determined from a shift factor of time-temperature superposition 
of the flow curve, the carbon atom number (C) of the a-olefin in the copolymer and the a-olefin content (x mol%) in 
the copolymer satisfy the following relation 
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(0.039Ln(C-2)+0.0096)xx+2.87 < (EJxIO" 4 £ (0.039Ln(C-2)-fO.1660)xx+2.87, 

and 

(A-iii) the haze of a film having a thickness of 30 (xm produced from the copolymer by inflation molding satisfies the 
following conditions: 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x10 s dyne/cm 2 
at 1 90 'C and the melt flow rate (MFR) satisfy the relation Fl 2: 100xMFR , 
in case of the carbon atom number (C) of the a-olefin being 6, 

Haze < 0.45/(1 -d)xlog(3xMT 1 4 )x{C-3) 0 -1 

in case of the carbon atom number (C) of the a-olefin being 7 or 8. 

Haze < 0.50/(1 -d)xlog(3xMT 1 - 4 ), 

and 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x1 0 6 dyne/cm 2 
at 1 90 "C and the melt flow rate (MFR) satisfy the relation Fl < lOOxMFR , 
in case of the carbon atom number (C) of the a-olefin being 6, 

Haze < 0.25/(1-d)xlog(3xMT 14 )x{C-3) 0 \ 

in case of the carbon atom number (C) of the a-olefin being 7 or 8, 

Haze < 0.50/(1 -d)xlog{3xMT 14 ) 

wherein d represents density (g/cm 3 ) and MT represents melt tension (g). 

The ethylene/a-olefin copolymer (A) of the invention can be obtained by copolymerizing ethylene and an a-ole- 
fin of 6 to 8 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(a) an organoaluminum oxy -compound; 

(b-l) at least one transition metal compound selected from transition metal compounds represented by the fol- 
lowing formula (I): 

ML\ (I) 

wherein M is a transition metal atom selected from Group 4 of the periodic table; L 1 is a ligand coordinated to 
the transition metal atom M, at least two ligands L 1 are each a substituted cydoperrtadienyl group having at 
least one group selected from hydrocarbon groups of 3 to 10 carbon atoms, and the ligand L 1 other than the 
substituted cydoperrtadienyl group is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an ary- 
loxy group, a trialkylsilyl group, a halogen atom or a hydrogen atom; and x is a valence of the transition metal 
atom M; and 

(b-ll) at least one transition metal compound selected from transition metal compounds represented by the fol- 
lowing formula (II): 

ML 2 X (II) 

wherein M is a transition metal atom selected from Group 4 of the periodic table; L 2 is a figand coordinated to 
the transition metal atom M, at least two ligands L 2 are each a methylcyclopentadienyl group or an ethylcy- 
clopentadienyl group, and the ligand L 2 other than the methylcyclopentadienyl group or the ethylcyclopentadi- 
enyl group is a hydrocarbon group of 1 to 12 carbon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl 
group, a halogen atom or a hydrogen atom; and x is a valence of the transition metal atom M. 

the olefin polymerization catalyst preferably further comprises (c) a carrier on which the organoaluminum oxy- 
compound (a), the transition metal compound (b-l) and the transition metal compound (b-ll) are supported. 

The ethylene/a-olefin copolymer (A) has excellent moldability and can produce films of excellent transparency 
and mechanical strength. 

The ethylene copolymer composition (A') according to the invention has substantially the same content and 
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usefulness as those of the ethylene/a-olef in copolymer, and is a composition comprising: 

(B) an ethylene/a-olef in copolymer, and 

(C) an elhylene/a-oief in copolymer, 

said ethylene/a-olef in copolymer (B) being a copolymer of ethylene and an a-olefin of 6 to 8 carbon atoms and hav- 
ing the following properties: 

(B-i) the density is in the range of 0.880 to 0.970 g/cm 3 , 

(B-ii) the melt flow rate (MFR) at 190 "C under a load of 2.16 kg is in the range of 0.02 to 200 g/10 min, 
(B-iii) the decane-soluble component fraction (W) at room temperature and the density (d) satisfy the following rela- 
tion 

in case of MFR <: 10 g/10min, 

W < 80xexp(-100(d-0.88))4O.1. 

in case of MFR > 10 g/10min, 

W < 80x(MFR-9)°- 26 xexp(-100(d-0.88))+0.1, 

(B-iv) the temperature (Tm) at the maximum peak position of an endothermic curve of the copolymer as measured 
by a differential scanning calorimeter (DSC) and the density (d) satisfy the following relation 

Tm < 400xd-248, 

(B-v) the melt tension (MT) at 190 °C and the melt flow rate (MFR) satisfy the following relation 

9.0xMFR" 0SS > MT > 2J2XMFR" 084 , 

(B-vi) the flow activation energy ((EJxiO' 4 J/molK) determined from a shift factor of time-temperature superposi- 
tion of the flow curve, the carbon atom number (C) of the a-olefin in the copolymer and the a-olefin content (x 
mol%) in the copolymer satisfy the following relation 

(0,039Ln(C-2M).0096)xx+2.87 < (E^xlO" 4 <: (0.039Ln(C-2)+0.1660)xx+2.87, 

and 

(B-vii) The ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular weight 
(Mn), as determined by GPC. satisfies the following condition 

22. < Mw/Mn < 3.5; 

said ethylene/a-olef in copolymer (C) being a copolymer of ethylene and an a-olefin of 6 to 8 carbon atoms and hav- 
ing the following properties: 

(C-i) the density is in the range of 0.880 to 0.970 g/cm 3 , 

(C-ii) the melt flow rate (MFR) at 190 °C under a ioad of 2.1 6 kg is in the range of 0.02 to 200 g/10 min, 
(C-iii) the decane-soluble component fraction (W) at room temperature and the density (d) satisfy the following rela- 
tion 

incaseofMFRsl0g/10min, 

W < 80xexp(-100(d-0.88))+0.1, 

in case of MFR > 10 g/10min, 

W < 80x(MFR-9) 026 xexp(-100(d-0.88))+0.1, 

(C-iv) the temperature (Tm) at the maximum peak position of an endothermic curve of the copolymer as measured 
by a differential scanning calorimeter (DSC) and the density (d) satisfy the following relation 

Tm < 400xd-248, 

and 
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(CW) the melt tension (MT) at 1 90 °C and the melt flow rate (MFR) satisfy the following relation 
MTS2.2XMFR" 084 ; 

wherein the ratio of the melt flow rate (MFR(C)) of the copolymer (C) to the melt flow rate (MFR{B)) of the copoly- 
mer (B) satisfies the following condition: 

1 <{MFR(C))/(MFR(B))£20. 



It is preferable that the ethylene/a-olef in copolymers (B) and (C) in the ethylene copolymer composition (A") are 
both ethylene/1 -hexene copolymers and. in this case, the ethylene copolymer composition (A") has the following 
properties: 

(A'-i) the melt tension (MT) at 190 °C and the melt flow rate (MFR) satisfy the following relation 

9.0xMFR* 065 > MT > 2^xMFR" 0 84 . 

(A'-ii) the flow activation energy ((EJxl 0 4 J/rnolK) determi ned from a shift factor of time-temperature superposition 
of the flow curve, the carbon atom number (C) of 1 -hexene in the copolymers (B) and (C), and the total content (x 
mol%) of 1 -hexene in the copolymers (B) and (C) satisfy the following relation 

(0.039Ln(C-2)+0.0096)xx+2.87 <(E a )x10' 4 <Z (0.039Ln(C-2)+0.1660)xx+2.87, 

and 

(A'-iii) the haze of a film having a thickness of 30 urn produced from the copolymer composition by inflation molding 
satisfies the following conditions: 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x1 o 6 dyne/cm 2 
at 190 "C and the melt flow rate (MFR) satisfy the relation Fl :> 100xMFR . 

Haze < 0.45/(1 -d)xlog(3xMT 1j4 )x(C-3)° 1 

and 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x1 0 6 dyne/cm 2 
at 190 °C and the melt flow rate (MFR) satisfy the relation Fl < 100xMFR , 

Haze < 0.25/(1 -d)xlog(3xMT 14 )x(C-3) 01 

wherein d represents density (g/cm 3 ), MT represents melt tension (g), and C represents the carbon atom number 
of 1 -hexene, namely, 6. 

It is also preferable that the ethylene copolymer composition (A") further has, in addition to the properties (A'-i) 
to (A'-iii). the following property: 

(A'-iv) the ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular weight 
(Mn). as determined by QPC. satisfies the following condition 

2.0 s- Mw/Mn <; 2.5. 



The ethylene/a-olefin copolymer (A) of the invention or the ethylene copolymer composition (A') of the inven- 
tion can be blended with: 

(D) an ethylene/a-olef in copolymer which is obtained by copolymerizing ethylene and an oolefin of 3 to 20 carbon 
atoms in the presence of an olefin polymerization catalyst comprising (a) an organoaluminum oxy-compound and 
(b-lll) a transition metal compound of a transition metal of Group 4 of the periodic table containing a ligand having 
cyclopentadienyl skeleton, and which has the following properties; 
(D-i) the density is in the range of 0.850 to 0.980 g/crn^, and 

(D-ii) the intrinsic viscosity (nj, as measured in decalin at 135 °C, is in the range of 0.4 to 8 dl/g: 

with the proviso that the ethylene/a-olefin copolymer (A) is not identical with the ethylene/a-olefin copolymer (D), 

and each of the ethylene/a-olefin copolymers (B) and (C) is not identical with the ethylene/a-olefin copolymer (D). 
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[001 2] The process for preparing an etJiylene/a-olef in copolymer according to the invention comprises copolymerizing 
ethylene and an a-olef in of 6 to 8 carbon atoms in the presence of the above-mentioned olefin polymerization catalyst 
comprising (a) the organoaluminum oxy-compound. (b-l) the transition metal compound and (b-ll) the transition metal 
compound. 

BRIEF DESCRIPTION QF THE DRAWING 
[0013] 

Fig. 1 is an explanatory view shewing steps for preparing an olefin polymerization catalyst for use in the present 
DETAILED DESCRIPTION OF THE INVENTION 

[0014] The ethyl ene/a-oletin copolymer (A) according to the invention, the process for preparing the copolymer and 
the ethylene copolymer composition (A') are described in detail hereinafter. 

[001 5] The meaning of the term "polymerization" used herein is not limited to "homopolymerization" but may compre- 
hend "copolymerization". Also, the meaning of the term "polymer" used herein is not limited to "homopolymer" but may 
comprehend "copolymer. 



[0016] The ethylene/a-olefin copolymer (A) according to the invention is a random copolymer of ethylene and an a- 
olefin of 6 to 8 carbon atoms. Examples of the a-olef ins of 6 to 8 carbon atoms preferably used in the copolymerization 
with ethylene include straight-chain a-olef ins having no branch, such as 1-hexene. 1-heptene and 1-octene. Of these. 
1-hexene is particularly preferably employed. 

[001 7] The ethylene/a-olefin copolymer (A) of the invention has the following properties (Ah) to (A-iii). 
(A-i) The melt tension (MT (g)) and the melt flow rate (MFR (g/1 0 min)) satisfy the following relation: 
9.0xMFR" 06S > MT > 2.2XMFR" 0 - 84 , 
preferably 9.0xMFR"° 65 > MT > 2.3XMFR* 08 *, 
more preferably S.SxMFR 0 85 > MT > 2.5XMFR -0 " 84 . 



The ethylene/a-olefin copolymer having the above property shows high melt tension, so that it has excellent 
moldability. 

The MFR is measured under the conditions of a temperature of 190 °C and a load of 2.16 kg in accordance 
with the method of ASTM D1238-65T. 

The melt tension (MT) is determined by measuring a stress given when a molten polymer is stretched at a con- 
stant rate. That is, the produced polymer powder was melted and pelletized in a conventional manner to give a 
measuring sample, and the melt tension of the sample was measured by a MT measuring machine manufactured 
by Toyo SeiW Seisakusho K.K. under the conditions of a resin temperature of 190 "C, an extrusion rate of 15 
mm/min, a take-up rate of 1 0 to 20 m/min, a nozzle diameter of 2.09 mmq> and a nozzle length of 8 mm. Prior to 
peiletizing, the ethylene/a-olefin copolymer was blended with 0.05 % by weight of tri(2,4-di-t-butylphenyI)phos- 
phate as a secondary antioxidant, 0.1 % by weight of n-octadecyl-3-(4'-tTydroxy-3\5'-d-t-buty!pheny^^ as 
a heat stabilizer and 0.05 % by weight of calcium stearate as a hydrochloric acid absorber. 
(A-ii) The flow activation energy ((EaJxlO" 4 J/molK) determined from a shift factor of time-temperature superposi- 
tion of the flow curve, the carbon atom number (C) of the a-olefin in the copalymer and the a-olefin content (x 
mol%) in the copolymer satisfy the following relation 

(0.039Ln(C-2)4O.0096)xx+2.87 < (EJxIO" 4 <: (0.039Ln(C-2)+0.1660)xx+2.87, 

preferably 



(0.039Ln(C-2)+0.0096)xx+2.87 < (E a )x10 ~* <: (0.039Ln(C-2)+0.1500)xx+2.87, 
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more preferably 

(0.039bl(C-2)+0.0096)xx+2.87 < (EJxIO" 4 S (0.039Ln(C-2)+0.1300)xx+2.87. 



In order to improve moldability into films, the melt tension needs to be increased, and to increase the melt ten- 
sion, introduction of long-chain branch is known as an effective method. E a of the ethylene/a-olefin copolymer hav- 
ing no long-chain branch is expressed by the equation: E a x 10 "* = (D.039Ln(C-2)+0.0096)xx+2.87 . When the 
long-chain branch is present, the value of E a increases, so that in case of 

10 E a x 10 > (O.0S9Ln(C- 2)+0.0096)xx+2.87 , a long-chain branch is presumed to be present, and the moldability 
into films and the transparency are improved. In case of E a x 10" 4 > (0.039Ln(C-2)+0.1660)xx+2.87, though the 
moldability is good, film strength and film transparency are lowered, so that such a case is unfavorable. 

Measurement of the flow activation energy (EJ is described in, for example, "Polymer Experimental Science, 
Vol. 9, Thermodynamic Properties I" (edited by Polymer Experimental Science Editorial Committee of Polymer 

16 Society, Kyorteu Publishing K.K., pp. 25-28). and theflow activation energy (EJ is determined from a shiftfactor of 
time-temperature superposition of the flow curve by measuring dependence of viscoelastJcity on frequency. A 
graph showing a relation between storage elastic modulus (ordinate) and angular velocity (abscissa) measured at 
a certain base temperature is fixed. Then, data measured at a different measuring temperature are moved in par- 
allel with the abscissa, and as a result they overlap the data obtained at the base temperature (thermal rheological 

so simplicity). The shift Log(aT), by which the data obtained at the measuring temperature overlap the data obtained 
at the base temperature, is plotted against a reciprocal number 1/T of the measuring temperature (absolute tem- 
perature) to obtain linear gradient. The linear gradient is multiplied by 2.303R (R: gas constant), whereby the acti- 
vation energy is obtained as a temperature-independent constant. 
Specifically. E a is determined in the following manner. 

25 Dispersion of the storage viscoelasticfty (G' (dyne/cm 2 )) at the angular velocity (co (rad/sec)) was measured. A 

parallel plate having a diameter of 25 mm<p was used as a sample holder. The thickness of the sample was about 
2 mm. The measuring temperatures were 130, 170, 200 and 230 °C, and at each temperature, Q' was measured 
in the range of 0.04£a>£400. For example, in the measurement at 1 30 "C, the sample was heated to 150 "C to com- 
pletely melt the crystals and then cooled to 130 °C. The strain was property selected from the range of 2 to 25 % 

30 so that the torque was detectable in the measuring range and did not become too much. After the measurement, 
flow curves obtained under the four temperature conditions were superposed taking 130 *C as the base tempera- 
ture, and from the Arrhenius type plot of the shift factor, E a value was calculated. The calculation was performed 
using analytical software RHIOS attached to RDS-II. 

(A-iii) The haze of a film having a thickness of 30 fim produced from the copolymer by inflation molding satisfies the 
35 following conditions: 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x10 6 dyne/cm 2 
at 190 "C and the melt flow rate (MFR) satisfy the relation Fl i 100xMFR , 
in case of the carbon atom number (C) of the o-olefin being 6, 

40 Haze < 0.45/(1 -d)xlog(3xMT 1 A ) x(C-3) 01 

in case of the carbon atom number (C) of the a-olef in being 7 or 8. 

Haze < O.SO/tl-dJxIogpxMT 1 - 4 ), 

45 

and 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x1 0 6 dyne/cm 2 
at 190 °C and the melt flow rate (MFR) satisfy the relation Fl < 100xMFR , 
in case of the carbon atom number (C) of the a-olefin being 6, 

50 

Haze < 0.25/(1 <l)xlog(3xMT 1 *)x(C-3)°"\ 
in case of the carbon atom number (C) of the a-olefin being 7 or 8, 
55 Haze < 0.50/(1 -d)xlog(3xMT 1 A ) 

wherein d represents density (g/cm 3 ) and MT represents melt tension (g). 
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[00181 The ethylene/a-olefin copolymer satisfying the above conditions has excellent moHability and is capable of 
producing films of excellent transparency. 

[001 9] The flow index is determined by extruding a resin through a capillary with varying a shear rate and finding a 
shear rate corresponding to the prescribed stress. That is, using the same sample as in the measurement of MT, the 
s flow index is measured by a capillary flow property tester (manufactured by Toyo Seiki Seisakusho K. K.) under the con- 
ditions of a resin temperature of 190 "C and a shear stress of about 5x1 0 4 to 3x1 0 6 dyne/cm 2 . 
[0020] In this measurement, the diameter of nozzle was varied as follows according to the MFR (g/10 min) of the resin 
to be measured. 

io MFR>20: 0.5 mm 

20^MFR>3:1.0mm 
3^MFR>0.8: 2.0 mm 
0.8&MFR: 3.0 mm 

15 [0021 ] The density (d) is measured in the following manner. Strands obtained in the measurement of melt flow rate 
(MFR) at 1 90 °C under a load of 2.1 6 kg are heated at 1 20 °C for 1 hour, then slowly cooled to room temperature over 
a period of 1 hour, and the density of the strands was measured by a density gradient tube. 
[0022] It is preferable that the ethylene/a-olefin copolymer (A) of the invention further has the following properties in 
addition to the above-mentioned properties. 

20 [0023] In the ethyl ene/a-olef in copolymer (A) of the invention, it is desired that the constituent units derived from eth- 
ylene are present in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 98 % by 
weight, most preferably 70 to 96 % by weight, and the constituent units derived from the a-olefin of 6 to B carbon atoms 
are present in amounts of 0 to 50 % by weight, preferably 1 to 45 % by weight, more preferably 2 to 35 % by weight, 
particularly preferably 4 to 30 % by weight. 

ss [0024] The composition of an ethylene/a-ol ef in copolymer is generally determined in the following manner. About 200 
mg of the copolymer is homogeneously dissolved in 1 ml of hexachlorobutadiene in a sample tube having a diameter 
of io mmcp to prepare a sample, and a 13 C-NMR spectrum of the sample is measured under the measuring conditions 
of a measuring temperature of 1 20 0 C. a measuring frequency of 25.05 MHz, a spectral width of 1 , 500 Hz, a pulse rep- 
etition time of 4.2 sec and a pulse width of 6 usee. 

30 [0025] The ethylene/a-olefin copolymer (A) desirably has a density (d) of 0.880 to 0.970 g/cm 3 , preferably 0.880 to 
0.960 g/cm 3 , more preferably 0.890 to 0.935 g/cm 3 , most preferably 0.905 to 0.930 g/cm 3 . 

[0026] The ethylene/a-olefin copolymer (A) desirably has a melt flow rate (MFR) of 0.02 to 200 g/1 0 min, preferably 
0.05 to 50 g/10 min, more preferably 0.1 to 10 g/10 min. 

[0027] It is desirable that the n-decane-soiuble component fraction (W) in the ethylene/a-olefin copolymer (A) at 23 
35 »C and the density (d) satisfy the following relation 
in case of MFR s; 10 g/10min, 

W < 80xexp(-100(d-0.88))+0.1. 

40 preferably 

W < 60xexp(-100(d-0.88))+0.1. 

more preferably 

45 

W < 40xexp(-100(d-0.88))- f O.1. 

incaseofMFR>l0g/10min, 

so W < 80x(MFR-9) °' ze xexp(-100(d-0.88))+O.1 . 

[0028] The n-decane-soluble component fraction (W) in an ethylene/a-olefin copolymer is measured in the following 
manner. About 3 g of the copolymer is added to 450 ml of n-decane, dissolved therein at 145 °C and cooled to 23 °C. 
Then, the n-decane-insoluble portion is removed by filtration, and the n-decane-soluble portion is recovered from the 
ss filtrate. 

[0029] A copolymer having a small fraction of the n-decane-soluble component has a narrow composition distribution. 
[0030] It is desirable mat the temperature (Tm, (°C)) at the maximum peak position of an endothermic curve of the 
ethylene/a-olefin copolymer as measured by a differential scanning calorimeter (DSC) and the density (d (g/cm 3 )) sat- 
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isfy the following relation 

Tm < 4O0xd-248, 

preferably Tm < 450xd-296, 

more preferably Tm < 500xd-343, 

particularly preferably Tm < S50xd-392. 

[0031 ] The temperature (Tm) at the maximum peak position of an endothermic curve of the ethylene/a-olefin copol- 
ymer as measured by a differential scanning calorimeter (DSC) is found from an endothermic curve which is obtained 
by heating a sample of about 5 mg up to 200 "C at a rate of 10 "C/min in an aluminum pan, maintaining the sample at 
200 "C for 5 minutes, cooling it to room temperature at a rate of 20 °C/min and heating it at a rate of 10 °C/min. In the 
measurement, an apparatus of DSC-7 model manufactured by Perkin-Elmer Co. is used. 

[0032] The ethylene/cx-olefin copolymer having the above-defined relation between the temperature at the maximum 
peak position of an endothermic curve as measured by a differential scanning calorimeter (DSC) and the density (d) 
and having the above-defined relation between the n-decane-soluble component fraction (W) and the density (d) has a 
narrow composition distribution. 

[0033] The ethylene/a-olefin copolymers (A) mentioned above can be used in combination of two or more kinds. 
[0034] The ethylene/a-olefin copolymer (A) of the invention can be obtained by copolymerizing ethylene and an a- 
defin of 6 to 8 carbon atoms in the presence of an olefin polymerization catalyst (Cat-1) formed from: 

(a) an organoaluminum oxy-compound, 

(b-l) at least one transition metal compound selected from transition metal compounds represented by the formula 

(I) , and 

(b-ll) at least one transition metal compound selected from transition metal compounds represented by the formula 

(II) . 

[0035] The olefin polymerization catalyst may further comprise (c) a carrier on which (a) the organoaluminum oxy- 
compound, (b-l) at least one transition metal compound selected torn transition metal compounds represented by the 
formula (I), and (b-ll) at least one transition metal compound selected from transition metal compounds represented by 
the formula (II) are supported. Such a supported catalyst is sometimes referred to as Xat-2" hereinafter. 
[0036] The components for forming the olefin polymerization catalysts (Cat-1 ) and (Cat-2) are described below. 

fa) Organoaluminum oxv-comoound 

[0037] The organoaluminum oxy-compound (a) (sometimes referred to as "component (a)" hereinafter) for use in the 
invention may be a benzene-soluble aluminoxane hitherto known or such a benzene-insoluble organoaluminum oxy- 
compound as disclosed in Japanese Patent Laid-Open Publication No. 276807/1990. 

[0038] The aluminoxane can be prepared by, for example, the following processes, and is generally obtained as its 
hydrocarbon solution. 

(1) An organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium suspension of a 
compound containing adsorption water or a salt containing water of crystallization, e.g., magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, so as 
to allow the organoaluminum compound to react with the adsorption water or the water of crystallization. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylaluminum 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

[0039] The aluminoxane may contain a small amount of an organometallic component. It is possible that the solvent 
or the unreacted organoaluminum compound is distilled off from the recovered solution of an aluminoxane and the 
remainder is redissolved in a solvent. 

[0040] Examples of the organoaluminum compounds used tor preparing the aluminoxane include trialkylaluminums, 
such as trimethylaluminum, triethylaluminum, tripropylaluminum, triisopropylaluminum. tri-n-butylaluminum, triisobuty- 
laluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum, trihexylaluminum, trioctylaluminum andtri- 
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decylaluminum; tricydoalkyialuminums, such as tricyctohexylaluminum and ttcydooctyialuminum; dialkyialuminum 
halides, such as dimethylaiuminum chloride, diethylaluminum chloride, diethylaiuminum bromide and diisobutylalumi- 
num chloride; dialkyialuminum hydrides, such as diethylaiuminum hydride and diisobutylaluminum hydride; dialkyialu- 
minum alkoxides, such as dimethylaiuminum methoxide and diethylaluminum ethoxide; and dialkyialuminum 
s aryloxides, such as diethylaluminum phenoxide, 

[0041 ] Of these, trialkyialuminums and tricydoalkyialuminums are particularly preferable. 

[0042] Also employable as the organoaluminum compound is isoprenylaluminum represented by the following for- 
mula: 

» (iAH^AI/CgH^), 
wherein x, y, z are each a positive number, and za2x. 

[0043] The organoaluminum compounds mentioned above are used singly or in combination. 
[0044] Examples of the solvents used for preparing the aluminoxane include aromatic hydrocarbons, such as ben- 
ts zene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane. heptane, octane, 
decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, such as cyclopentane, cyciohexane, cyclooc- 
tane and methyteydopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and halogenated products 
of these aromatic, aliphatic and alicyclic hydrocarbons, such as chlorinated or brominated products thereof. Also 
employable are ethers such as ethyl ether and tetrahydrofuran. Of the sd vents, aromatic hydrocarbons are particularly 
20 preferable 

[0045] The benzene-i nsoluble organoaluminum oxy-compound employable in the invention contains an Al component 
soluble in benzene at 60 °C in an amount of not more than 10 %, preferably not more than 5 %, particularly preferably 
not more than 2 %, in terms of Al atom, and is insoluble or sparingly soluble in benzene. 

[0046] The solubility of the organoaluminum oxy-compound in benzene can be determined in the following manner. 
25 The organoaluminrn oxy-compound in an amount corresponding to 1 00 mg ■ atom of Al is suspended in 1 00 ml of ben- 
zene, and they are mixed at 60 "C for 6 hours with stirring. Then, the mixture is subjected to hot titration at 60 °C using 
a jacketed G-5 glass fater, and the solid separated on the filter is washed four times with 50 ml of benzene at 60 °C to 
obtain a filtrate. The amount (x mmol) of Al atom present in the whole filtrate is measured to determine the solubility (x 
%). 

30 

(b-n Transition metal compound and fb-W transition metal compound 

[0047] The transition metal compound (b-l) for use in the invention is a transition metal compound represented by the 
fdlowing formula (I), and the transition metal compound (b-II) for use in the invention is a transition metal compound 
ss represented by the following formula (II). 

ML 1 X (I) 

wherein M is a transition metal atom selected from Group 4 of the periodic table; L 1 is a ligand coordinated to the tran- 
40 s'riion metal atom M, at least two ligands L 1 are each a substituted cyclopentadienyl group having at least one group 
selected from hydrocarbon groups of 3 to 1 0 carbon atoms, and the ligand L 1 other than the substituted cydopentadi- 
enyl group is a hydrocarbon group of 1 to 12 carbon atoms, an aikoxy group, an aryloxy group, a trialkylsilyl group, a 
halogen atom or a hydrogen atom; and x is a valence of the transition metal atom M. 

45 ML 2 X (II) 

wherein M is a transition metal atom selected from Group 4 of the periodic table; L 2 is a ligand coordinated to the tran- 
sition metal atom M. at least two ligands L 2 are each a methylcydopentadienyi group or an ethylcydoperttadienyl group, 
and the ligand L 2 other than the methylcydopentadienyi group or the ethylcyciopentadienyl group is a hydrocarbon 
so group of 1 to 12 carbon atoms, an aikoxy group, an aryloxy group, a trialkylsilyl group, a halogen atom or a hydrogen 
atom; and x is a valence Of the transition metal atom M. 

[0048] The transition metal compound represented by the formula (I) or (II) is described below in more detail. 
[0049] In the formula (0. M is a transition metal atom selected from Group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, preferably zirconium 
ss [0050] L 1 is a ligand coordinated to the transition metal atom M, and at least two ligands L 1 are each a substituted 
cyclopentadienyl group having at least one group selected from hydrocarbon groups of 3 to 10 carbon atoms. These 
ligands L 1 may be the same or different. 

[0051 ] The substituted cydopentadienyl group may have two or more substituents, and the two or more substituerrts 
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may be the same or different. When the substituted cyclopentadienyf group has two or more substituents, at least one 
substituent is a hydrocarbon group of 3 to 10 carbon atoms, and the residual subsfituent is methyl, ethyl or a hydrocar- 
bon group of 3 to 1 0 carbon atoms. 

[0052] Examples of the hydrocarbon groups of 3 to 10 carbon atoms include alkyl groups, cycloalkyl groups, aryl 
groups and aralkyl groups. Specifically, there can be mentioned alkyl groups, such as n-propyl, isopropyl, n-butyl, iso- 
butyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, 2-ethylhexyl and decyl; cycloalkyl groups, such as cyclopentyl and 
cydohexyl; aryl groups, such as phenyl and tolyl; and aralkyl groups, such as benzyl and neophyi. 
[0053] Of these, preferable are alkyl groups, and particularly preferable are n-propyl and n-butyl. The substituted 
cyclopentadienyl group coordinated to the transition metal preferably is a di-substituted cydopentadienyl group and par- 
ticularly preferably is a 1 ,3-substituted cyclopentadienyl group. 

[0054] in the formula (I), the ligand L 1 other than the substituted cydopentadienyl group coordinated to the transition 
metal atom M is a hydrocarbon group of 1 to 12 carbon atoms, an aikoxy group, an aryloxy group, a trialkylsilyl group, 
a halogen atom or a hydrogen atom. 

[0055] Examples of the hydrocarbon groups of 1 to 12 carbon atoms include alkyl groups, cycloalkyl groups, aryl 

groups and aralkyl groups. Specifically, there can be mentioned alkyl groups, such as methyl, ethyl, n-propyl, isopropyl. 

n-butyl, isobutyl. sec-butyl, t-butyl, pentyl, hexyl, octyl, 2-ethylhexyl and decyl: cycloalkyl groups, such as cyclopentyl 

and cydohexyl; aryl groups, such as phenyl and tolyl; and aralkyl groups, such as benzyl and neophyi. 

J0056] Exampl es of the aikoxy groups include methoxy. ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, 

t-butoxy, perrtoxy, hexoxy and octoxy. 

10057] Examples of the aryloxy groups inciude phenoxy. 

[0058] Examples of the trialkylsilyl groups include trimethylsilyl, triethylsilyl and triphenylsilyl. 
[0059] The halogen atom is fluorine, chlorine, bromine or iodine. 

[0060] Examples of the transition metal compounds represented by the formula (I) include bis(n-propylcydopentadi- 
enyl)zirconium dichloride, bis(n-butylcyclopentadienyl)zirconium dichloride, bis(n-hexylcyclopentadienyl}zirconium 
dichloride, bis(me%l-n-prcipylcydopentadienyl)zirconium dichloride, bis(methyl-n-butylcyclopentadienyl)zirconium 
dichloride, bis(dimethyl-n-butylcydopentadienyl)zirconium dichloride, bis(n-butylcycloperrtadienyl)zirconium dibromide, 
bis(n-butylcyclopentadienyl)zirconium methoxychloride, bis(n-butylcydopentadierryl)zirconium ethoxychloride, bisfn- 
butyicyclopentadienyl)zirconium butoxychloride, bis(n-t3utylcycloperrtadienyl)zirconium diethoxide, bis(n-butylcydopen- 
tadienyl)zirconium methylchloride, bis(n-butylcyclopentadienyl)zirconium dimethyl, bis(n-butylcyclopentadienyl)zirco- 
nium benzylchloride, bis(n-butylcydopentadienyl)zirconium dibenzyl, bis(n-t)utylcyclopentadienyl)zirconium 
phenylchloride and bis(n-butylcyclopentadienyl}zirconium hydride chloride. 

[0061 ] In the above examples, the di-substituted cyclopentadienyl rings include 1 ,2- and 1 ,3-subsfrtuted cyclopenta- 
dienyl rings, and the tri-substituted cydopentadienyl rings indude 1.2,3- and 1 ,2,4-substituted cydopentadienyl rings. 
[0062] Also employable in the invention are transition metal compounds wherein a zirconium metal is replaced with a 
titanium metal or a hafnium metal in the above-mentioned zirconium compounds. 

[0063] Of the transition metal compounds represented by the formula (I), particularly preferable are bis(n-propylcy- 
clopeniadienyt)zirconium dichloride, bis(n-butylcycbpentadienyl)zirconium dichloride, bis(1-methyl-3-n-propylcy- 
clopentadienyQzirconium dichloride and bis(1-methyl-3-n*utylcycloperrtadienyl)zirconium dichloride 
[0064] In the formula (II). M is a transition metal atom selected from Group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, preferably zirconium. 

[0065] L 2 is a ligand coordinated to the transition metal atom M, and at least two tigands L 2 are each a methylcy- 
doperrtadienyl group or an ethylcydopentadienyl group. These iigands L 2 may be the same or different. 
[0066] In the formula (II). the ligand L* other than themethyicydopentadienyl group or the ethylcydopentadienyl group 
is a hydrocarbon group of 1 to 1 2 carbon atoms, an aikoxy group, an aryloxy group, a trialkylsilyl group, a halogen atom 
a a hydrogen atom, each of which is the same group or atom as indicated by L 1 in the formula (I). 
[0067] Examples of the transition metal compounds represented by the formula (I I) include bisfmBthylcydopentadi- 
enyf)zirconium dichloride, bis(ethylcydopentadienyl)zirconium dichloride, bis(methylcydopentadienyl)zirconium dforo- 
mide, bis(ethyk^lopentadienyf)zirconium dibromide, bis(metr^cvdopentadienyl)zirconium methoxychloride, 
bis(ethylcyclopentadienyl)zirconfum methoxychloride, bis(methylcyclopentadienyl)zirconium ethoxychloride, bis(ethyl- 
cydoperrtadienyrjzirconium ethoxychloride, bis(metr^cyclopernadieriyOzirconium diethoxide, bis(ethylcydopentadi- 
enyljzirconium diethoxide, bis(methylcydopentadienyl)zirconium methylchloride, bis(eihylcyclopentadienyl)zirconium 
methylchloride, bis(methylcydopentadienyl)zirconium dimethyl, bis(ethyicydopentadienyi)zirconium dimethyl, 
bis(methylcyclopentadienyl)zirconium benzylchloride, bis(etjrylcydcpeiTtao1enyl)zirconium benzylchloride, bis(methyl- 
cydceentadienyQzirconium dibenzyl, bis(ethylcyclopentadienyl}zirconium dibenzyl, bis(methylcydopentadienyl)zirco- 
nium phenylchloride. bis(ethylcydopentadienyl)zirconium phenylchloride, bis(methylcydopentadienyl)zirconium 
hydride chloride and bis(ethylcydopentadienyl)zirconium hydride chloride. 

[0068] Also employable in the invention are transition metal compounds wherein a zirconium metal is replaced with a 
titanium metal or a hafnium metal in the above-mentioned zirconium compounds. 
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[0069] Of the transition metal compounds represented by the formula (II), particularly preferable are bis(methylcy- 
ciopentadienyl)zirconium dichloride and bis(ethyicyclopentadienyl)zirconium dichloride. 

[0070] In the present invention, at least one transition metal compound selected from the transition metal compounds 
represented by the formula (I) and at least one transition metal compound selected from the transition metal com- 
pounds represented, by the formula (II) are used in combination as the transition metal compound components. It is 
preferable that a combination of the transition metal compounds is selected so that the ratio of the MFR (MFR(I)) of an 
olefin polymer obtained by the use of a catalyst component containing only the transition metal compound represented 
by the formula (Q as the transition metal compound component to the MFR (MFR(II)) of an olefin polymer obtained by 
the use of a catalyst component containing only the transition metal compound represented by the formula (II) as the 
transition metal compound component under the same polymerization conditions (MFR(I)/MFR(II)) satisfies the condi- 
tion of MFR(I)/MFR(II) £ 20. 

[0071] Examples of such combinations include a combination of bis(1,3-n-butylmethylcyciopentadienyl)zirconium 
dichloride and bis(methylcyclopentadienyl)zirconium dichloride, a combination of bis(1,3-n-propylmethylcyclopentadi- 
enyl)zirconium dichloride and bis(methylcyclopentadienyl)zirconium dichloride, and a combination of bis(n-butylcy- 
dopentadienyl)zirconium dichloride and bis(methylcyclopentadienyl)zirconium dichloride. 

[0072] The at least one transition metal compound (b-l) selected from the transition metal compounds represented 
by the formula (I) and the at least one transition metal compound (b-l I) selected from the transition metal compounds 
represented by the formula (II) are desirably used in such amounts that the (b-l)/(b-ll) molar ratio becomes 99/1 to 
40/60, preferably 9575 to 45755, more preferably 90/10 to 50/50, most preferably 85/15 to 55/45. 
[0073] The transition metal compound catalyst component containing at least one transition metal compound (b-l) 
selected from the transition metal compounds represented by the formula (I) and at least one transition metal com- 
pound (b-l I) selected from the transition metal compounds represented by the formula (II) is sometimes referred to as 
"component (b)" hereinafter. 

[0074] Although the olefin polymerization catalyst (Cat-1) formed from the oroanoaluminum oxy-compound (a), the 
transition metal compound (b-i) and the transition metal compound (b-lf) is used in the invention, a catalyst (Cat-2) in 
which the organoaluminum oxy-compound (a), the transition metal compound (b-l) and the transition metal compound 
(b-l I) are supported on the below-described carrier (c) can be used, instead. 

(c) Carrier 

[0075] The carrier optionally used in the invention is an inorganic or organic compound of granular or particulate solid 
having a particle diameter of 10 to 300 urn, preferably 20 to 200 |im. The inorganic carrier is preferably a porous oxide, 
and examples thereof include Si0 2 , Al 2 0 3 , MgO, ZrC^, Ti0 2 , B 2 0 3 , CaO, ZnO, BaO, Th0 2 , and mixtures thereof such 
as SiOrMgO, Si02-AI 2 03, Si02-Ti0 2 , SiO^Os. SiOa-Cr^ and SiC^-TiO^MgO. Of these, preferable are those 
containing Si0 2 and/or AI2O3 as their major component. 

[0076] The above-mentioned inorganic oxides may contain small amounts of carbonate, sulfate, nitrate and oxide 
components, such as Na 2 C0 3 , K 2 C03, CaC0 3 , MgCOs, NagSO* AI^SO^, BaS0 4 , KN0 3 , Mg(N0 3 ) 2) AI(N03) 3 , 
Na2O,K 2 OandU 2 0. 

[0077] Although the properties of the carrier (c) vary depending upon the type and the preparation process, the carrier 
preferably used in the invention is desired to have a specific surface area of 50 to 1,000 rrfrg, preferably 100 to 700 
rrr^/g, and a pore volume of 0.3 to 2.5 cm 3 /g. The carrier is used after calcined at a temperature of 1 00 to 1 ,000 e C, pref- 
erably 150 to 700 "C, rf necessary. 

[0078] It is desirable that the quantity of adsorption water in the carrier (c) is less than 1 .0 % by weight,! preferably less 
than 0.5 % by weight, and the quantity of surface hydroxyl group therein is not less than 1 .0 % by weight, preferably 1 .5 
to 4.0 % by weight, particularly preferably 2.0 to 3.5 % by weight. 

[0079] The quantity of adsorption water (% by weight) and the quantity of surface hydroxyl group (% by weight) are 
determined in the following manner. 

Quantity of adsorption water 

[0080] Percentage of loss in weight of a carrier after drying at 200 C C for 4 hours at atmospheric pressure in a stream 
of nitrogen to the weight before drying is taken as the quantity of adsorption water. 

Quantity of surface hvdroxvl oroup 

[0081 ] The weight of a carrier obtained by drying at 200 °C for 4 hours at atmospheric pressure in a stream of nitrogen 
is taken as X (g) and the weight of a calcined carrier obtained by calcining the carrier at 1 ,000 °C for 20 hours to remove 
the surface hydroxy! group is taken as Y (g), and the quantity of the surface hydroxyl group is calculated from the fol- 
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lowing formula. 

Quantity of surface hydroxyl group (wt%) = {(X-Y)/X}x100 

[0082] Also employable as the carrier (c) in the invention is an organic compound of a granular or particulate solid 
having a particle diameter of 10 to 300 (im. Examples of such organic compounds include (co)polymers produced using 
an a-olef in of 2 to 1 4 carbon atoms such as ethylene, propylene, 1 -butene or 4-methyl -1 -pentene as a main component, 
and (co)polymers produced using vinylcyclohexane or styrene as a main component. 

[0083] An organoaluminum compound (d) described below can by optionally used as a component for forming the 
olefin polymerization catalysts (Cat-1) and (Cat-2) for use in the invention. 

fd) Orqanpaiuminum compound 

[0084] The organoaluminum compound (d) (sometimes referred to as "component (d)" hereinafter) optionally used in 
the invention is, for example, an organoaluminum compound represented by the following formula (i): 

R 1 nAlX3. n (i) 

wherein R 1 is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or a hydrogen atom, and n is 1 to 3. 
[0085] In the formula (i). R 1 is a hydrocarbon group of 1 to 12 carbon atoms, e.g. p an alkyl group, a cydoalkyl group 
or an aryl group. Examples of such groups include methyl, ethyl, rt-propyl, isopropyl, isobutyi, pentyl, hexyl, octyl, 
cyclopentyl , cyclohexyl, phenyl and tolyl. 

[0086] Examples of the organoaluminum compounds (d) include trialkylaluminums, such as trimethylaluminum, tri- 
ethyialuminum, iriisopropylaluminum, triisobutylaiuminum, trioctylaluminum and tri-2-ethylhexylaluminum; alkenylalu- 
mirtums, such as isoprenylaluminum; dialkylaiuminum halides, such as dimethylaluminum chloride, diethylaluminum 
chloride, diisopropylaluminum chloride, diisobutylaluminum chloride and dimethylaluminum bromide; alkylaluminum 
sesquihalides, such as methylaluminum sesquichloride, ethylaluminum sesquichloride, isopropylaluminum sesquichlo- 
ride, butylaluminum sesquichloride and ethylaluminum sesquibromide; alkylaluminum dihalides, such as methylalumi- 
num dichloride, ethylaluminum dichloride, isopropylaluminum dichloride and ethylaluminum dibromide; and 
alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 

[0087] Also employable as the organoaluminum compound (d) is a compound represented by the following formula 

(5): 

R 1 nAIY3. n (ii) 

wherein R 1 is the same as above; Y is -OR 2 group, -OSiR 3 3 group, -OAIR 4 2 group, -NR 5 2 group -SiR 6 3 group or - 
N(R 7 )AIR 8 2 group; n is 1 to 2; R 2 , R 3 , R 4 and R 8 are each methyl, ethyl, isopropyl, iBobutyl, cyclohexyl, phenyl or the 
like; R 5 is a hydrogen atom, methyl, ethyl, isopropyl, phenyl, trimethyisilyl or the like; and R B and R 7 are each methyl, 
ethyl or the like. 

[0088] Examples of such organoaluminum compounds include : 

(1) compounds of the formula R 1 n AI(OR 2 ) 3 . n . e.g., dimethylaluminum methoxide, diethylaluminum ethoxide and 
diisobutyiaiuminum methoxide; 

(2) compounds of the formula R 1 n A!(OSiR 3 3 )3_ n , e.g., EkAJfOSiMea), (iso-Bu) 2 AI(OSiMe3) and (iso- 
Bu} 2 AI(OSiEt 3 ); 

(3) compounds of the formula RVAKOAIR 4 -^, e.g., EtaAIOAIEtg and (iso-Bu)2AIOAJ(iso-Bu) 2 ; 

(4) compounds of the formula R 1 n AI(NR 5 z )3. n i e.g., Me 2 AINB 2 . Et 2 AINHMe, MejAINHEt, Et 2 AIN(SiMe3) 2 and (iso- 
Bu) 2 AIN(SiMe 3 )2; and 

(5) compounds of the formula R 1 n AI(SiR 6 3 ) 3 . n , e.g., (iso-Bu) 2 AISOVIe 3 ; and 

(6) compounds of the formula R 1 n AI(N(R 7 )AIR 8 2)3. n , e.g., Et 2 AIN(Me)AIEt 2 and (iso-Bu) 2 AIN(Et)AI(iso-Bu) 2 . 

[0089] Of the organoaluminum compounds represented by the formulas (i) and (ii), preferable are compounds of the 
formulas R 1 3 A1, R 1 n AI(QR 2 )3. n and R^AIfOAIR 4 ^,,, and particularly preferable are compounds of said formulas 
wherein R 1 is an isoalkyl group and n is 2. 

[0090] The olefin polymerization catalyst (Cat-1) is formed from the component (a), the component (b), and if neces- 
sary, the component (d); and the olefin polymerization catalyst (Cat-2) (solid catalyst (Cat-2)) is formed from a solid cat- 
alyst (component) wherein the component (a) and the component (b) are supported on the component (c), and if 
necessary, the component (d). 
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[0091 ] In Fig . 1 , steps for preparing the olefin polymerization catalyst (Cat-1 ) are shown. 

[0092] The olefin polymerization catalyst (Cat-1) can be prepared by contacting the catalyst components with each 
other inside or outside the polymerization reactor. It is also possble that the component (a) previously made to be a 
solid component is contacted with the component (b) to form a soiid catalyst or the component (a) is contacted with the 
component (b) to form a solid catalyst, arid then the solid catalyst is added to the polymerization system. 
[0093] The olefin polymerization catalyst (Cat-1 ) can be formed by contacting the component (a) , the component (b) , 
and if necessary, the component (d) in an inert hydrocarbon solvent These catalyst components may be contacted in 
any order, but when the component (a) is contacted with the component (b), it is preferable to add the component (b) 
to a suspension of the component (a). The component (b) is preferably formed in advance by mixing two or more tran- 
sition metal compounds (components (b-l) and (b-ll)) and then contacted with other components. 
[0094] Examples of the inert hydrocarbon solvents used for preparing the olefin polymerization catalyst (Cat-1) 
include aliphatic hydrocarbons, such as propane, butane, perrtane, hexane, heptane, octane, decane, dodecane and 
kerosine; alicydic hydrocarbons, such as cyclopentane, cydohexane and methylcyclopentane; aromatic hydrocarbons, 
such as benzene, toluene and xylene; halogenated hydrocarbons, such as ethylene chloride, chlorobenzene and 
dichloromethane; and mixtures of these hydrocarbons. 

[0095] In the contad between the component (a), tie component (b). and if necessary, the component (d), the con- 
centration of the component (a) is in the range of about 0.1 to 5 moWiter-solvent. preferably 0.3 to 3 mol/liter-solvent, in 
terms of aluminum in the component (a). The atomic ratio of aluminum (Al) in the component (a) to the transition metal 
in the component (b) (AWransition metal) is in the range of usually 1 0 to 500, preferably 20 to 200. The atomic ratio of 
an aluminum atom (Al-d) in the component (d) optionally used to an aluminum atom (Al-a) in the component (a) (Ai- 
d/A!-a) is in the range of usually 0.02 to 3, preferably 0.05 to 1.5. In the contad of the component (a), the component 
(b), and if necessary, the component (d), the mixing temperature is in the range of usually -50 to 1 50 "C, preferably -20 
to 1 20 e C, and the contad time is in the range of usually 1 minute to 50 hours, preferably 10 minutes to 25 hours. 
[0096] In theolefin pdymerization catalyst (Cat-1) prepared as above, the component (b) is desirably contained, 
based on 1 g of the catalyst, in an amount d 5x1 0" 6 to 5x1 O^mol, preferably 10" 5 to 2x10^ mol. in terms of the transi- 
tion metal atom; and the component (a) and the component (d) are desirably contained, based on 1 g of the catalyst, 
in the total amount of 10" 2 to 2.5x10" 2 mol, preferably l.5xl0~ 2 to 2x10* 2 md, in terms of an aluminum atom. 
[0097] The solid catalyst (Cat-2) can be prepared by allowing the carrier (c) to support tfiereon the component (a), 
the component (b), and if necessary, the component (d). 

[0098] Although the component (a), the component (b), the carrier (c), and if necessary, the component (d) may be 
contaded in any order to prepare the solid catalyst (Cat-2), it is preferable that the component (a) is contacted with the 
carrier (c), then with the component (b), and then, if necessary, with the component (d). The component (b) is preferably 
formed in advance by mixing two or more transition metal compounds (components (b-l) and (b-ll)) and then contaded 
with other components. 

[0099] The contad between the component (a), the component (b), the carrier (c) and component (d) can be con- 
ducted in an inert hydrocarbon solvent, and examples of the inert hydrocarbon solvents used for preparing the catalyst 
are the same as those used for preparing the def in polymerization catalyst (Cat-1 ) previously described. 
[0100] In the contad between the component (a), the component (b), the carrier (c), and if necessary, the component 
(d), the component (b) is used, based on 1 g of the carrier (c), in an amount of usually 5x1 0* to 5x1 0" 4 md, preferably 
10 -5 to ZxlO" 4 mol, in terms of the transition metal atom; and the concentration of the component (b) is in the range of 
about 10 -4 to 2x10" 2 md/liter-solvert, preferably 2x1 0 -4 to 10" 2 mol/liter-sdvert, in terms d the transition metal atom. 
The atomic ratio of aluminum (Al) in the component (a) to the transition metal in the component (b) (Al/transition metal) 
is in the range d usually 1 0 to 500, preferably 20 to 200. The atomic ratio d an aluminum atom (Al-d) in the component 
(d) optionally used to an aluminum atom (Al-a) in the component (a) (Al-d/AI-a) is in the range d usually 0.02 to 3. pref- 
erably 0.05 to 1 .5. In the contad between the component (a), the componed (b). the carrier (c), and if necessary, the 
componert (d), the mixing temperature is in the range d usually -50 to 1 50 °C, preferably -20 to 1 20 'C, and the contad 
time is in the range of usually 1 minute to 50 hours, preferably 10 minutes to 25 hours. 

[0101] In the sdkJ catalyst (Cat-2) prepared as above, the component (b) is desirably supported, based on 1 g d the 
earner (c), in an amount d 5x10" 6 to 5x1 0 -4 md, preferably 10 s to 2X10" 4 mol, in terms d the transition metal atom; 
and the component (a) and the componed (d) are desirably supported, based on 1 g d the carrier (c), in the total 
amourt d 1 0' 3 to 5x1 0' 2 md, preferably 2x1 0" 3 to 2x1 0' 2 mol, in terms of an aluminum atom. 
[0102] The defin polymerization catalyst (Cat-2) may be a prepolymerized catalyst in which an olefin has been pre- 
polymerized. 

[01 03] The prepdymerized catalyst can be prepared by introducing an olefin into an inert hydrocarbon solvent in the 
presence d the component (a), ihe component (b) and the carrier (c) to preform prepdymerization. It is preferable that 
the sdid catalyst component (Cat-2) is formed from the component (a), the component (b) and the carrier (c). The solid 
catalyst componert (Cat-2) may be further blended with the component (a) and/or the component (d). 
[01 04] For preparing the prepolymerized catalyst, it is feasible that an defin is added to a suspension containing the 
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produced solid catalyst (Cat-2) (solid catalyst component), or it is feasible that from a suspension containing the pro- 
duced solid catalyst (Cat-2), the solid catalyst (Cat-2) is separated, then the solid catalyst is resuspended in an inert 
hydrocarbon, and an olefin is added to the resulting suspension, 

[0105] In the preparation of the prepolymerized catalyst, the component (b) is used in an amount of usually 10" 6 to 
2x10" 2 mol/liter-solvent. preferably 5x1 0" 5 to 10" 2 mol/liter-solvent, in terms of the transition metal atom in the compo- 
nent 0j); and the component (b) is used, based on 1 g of the carrier (c), in an amount of 5x1 CT 6 to 5x1 0' 4 mol. preferably 
10" 5 to 2x1 0" 4 mol, in terms of the transition metal atom in the component (b). The atomic ratio of aluminum (AI) in the 
component (a) to the transition metal in the component (b) (Al/transitjon metal) is in the range of usually 10 to 500, pref- 
erably 20 to 200. The atomic ratio of an aluminum atom (A!-d) in the component (d) optionally used to an aluminum 
atom (Al-a) in the component (a) (AI-d/AI-a) is in the range of usually 0.02 to 3, preferably 0.05 to 1 .5. 
[01 06] The solid catalyst component is used in an amount of usually 1 0" 6 to 2x1 0' 2 mol/liter-solvent, preferably 5x1 0" 
5 to 1 0' 2 mol/liter-solvent, in terms of the transition metal in the transition metal compound. 

[0107] The prepolymerization temperature is in the range of usually -20 to 80 "C, preferably 0 to 60 'C, and the pre- 
polymerization time is in the range of usually 0.5 to 200 hours, preferably 2 to 50 hours. 

101 08] Examples of the olefins used in the prepolymerization include ethylene; and a-olef ins of 3 to 20 caibon atoms, 
such as propylene, 1-butene, 1-pentene. 4-methyl-1-pentene, 1-hexene, 1-octene. 1-decene, 1-dodecene and 1-tetra- 
decene. Of these, particularly preferable is ethylene or a combination of ethylene and the same a-olefin as used in the 
polymerization. 

[01 09] The prepolymerized catalyst is prepared by, for example, the following process. The carrier is suspended in an 
inert hydrocafbon to give a suspension. To the suspension, the organoaluminum oxy-compound (component (a)) is 
added, and they are reacted for a given period of time Then, the supernatant liquid is removed, and the resulting solid 
is resuspended in an inert hydrocarbon. To the system, the transition metal compound (component (b)) is added, and 
they are reacted for a given period of time. Then, the supernatant liquid is removed to obtain a solid catalyst component. 
Subsequently, to an inert hydrocarbon containing the organoaluminum compound (component (d)), the solid catalyst 
component is added and an olefin is further introduced. Thus, a prepolymerized catalyst is obtained. 
[0110] In the prepolymerization, an olefin polymer is desirably produced in an amount of 0.1 to 500 g. preferably 0.2 
to 300 g, more preferably 0.5 to 200 g, based on 1 g of the carrier (c). 

[01 1 1 ] in the prepolymerized catalyst, the component (b) is desirably supported, based on 1 g of the earner (c), in an 
amount of 5x1 0" 6 to 5x1 0" 4 mol, preferably 1 0' 5 to 2x1 0" 4 mol, in terms of the transition metal atom ; and the component 
(a) and the component (d) are desirably supported in such amounts that the molar ratio of an aluminum atom (AI) in the 
components (a) and (d) to the transition metal atom (M) in the component fb) (Al/M) becomes 5 to 200, preferably 10 
to 150. 

[0112] The prepolymerization can be carried out by any of batchwise and continuous processes, and can be earned 
out under reduced pressure, at atmospheric pressure or under pressure. In the prepolymerization, hydrogen is desira- 
bly allowed to be present in the system to produce a prepolymer having an intrinsic viscosity (r\), as measured in decalin 
at 135 "C, of 0.2 to 7 dl/g, preferably 0.5 to 5 dl/g. 

[0113] In the present invention, copolymerization of ethylene and an a-olef in is carried out in the presence of the 
above-mentioned olefin polymerization catalyst in a gas phase or a liquid phase of slurry, preferably in a gas phase. In 
the slurry polymerization, an inert hydrocarbon may be used as the solvent, or the olefin itself may be used as the sol- 
vent 

[0114] Examples of the inert hydrocarbon solvents used in the slurry polymerization include aliphatic hydrocarbons, 
such as propane, butane, isobutane. pentane. hexane, octane, decane, dodecane, hexadecane and octadecane; alicy- 
clic hydrocarbons, such as cyclopentane. methylcyclopentane, cyclohexane and cyclooctane; aromatic hydrocarbons, 
such as benzene, toluene and xylene; and petroleum fractions, such as gasoline, kerosine and gas oil. Of the inert 
hydrocarbon solvents, preferable are aliphatic hydrocarbons, alicyclic hydrocarbons and petroleum fractions. 
[01 1 5] When the copolymerization is canied out as slurry polymerization or gas phase polymerization, the catalyst is 
desirably used in an amount of usually 10" 8 to 10" 3 mol/liter, preferably 10" 7 to 10" 4 mol/liter, in terms of a concentration 
of the transition metal atom in the polymerization reaction system. 

[0116] In the olefin polymerization catalyst formed from the component (a), the component (b) and optionally the com- 
ponent (d), the atomic ratio of an aluminum atom (AI) in the component (d) to the transition metal atom (M) in the tran- 
sition metal compound (b) (Al/M) is in the -ange of 5 to 300, preferably 10 to 200, more preferably 15 to 150. 
[01 17] In the polymerization using the olefin polymerization catalyst formed from the component (a) , the component 
03), the carrier (c) and optionally the component (d), an organoaluminum oxy-compound which is not supported on the 
carrier may be used in addition to the organoaluminum oxy-compound (component (a)) which is supported on the car- 
rier. In this case, the atomic ratio of an aluminum atom (AI) in the organoaluminum oxy-compound which is not sup- 
ported on the carrier to the transition metal atom (M) in the transition metal compound (b) (Al/M) is in the range of 5 to 
300, preferably 10 to 200, more preferably 15 to 1 50. The component (d) optionally used may be supported on the car- 
rier (c). The component (d) may be added during the polymerization. It is also possible that the component (d) having 
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been beforehand supported on the carrier may be added during the polymerization. The component (d) having been 
supported on the carrier and the component (d) to be added during the polymerization may be the same or different 
The atomic ratio of an aluminum atom (At) in the component (d) optionally used to the transition metal atom (M) in the 
transition metal compound (b) (Al/M) is in the range of 5 to 300, preferably 10 to 200, more preferably 15 to 150. 
[0118] When the slurry polymerization is carried out in the invention, the polymerization temperature is in the range 
of usually -50 to 100 "C, preferably 0 to 90 °C. When the gas phase polymerization is carried out, the polymerization 
temperature is in the range of usually 0 to 1 20 °C, preferably 20 to 1 00 °C. 

[0119] The polymerization pressure is usually atmospheric pressure to 100 kg/cm 2 , preferably 2 to 50 kg/cm 2 . The 
polymerization can be carried out by any of batchwise, semi-continuous and continuous processes. 
[0120] The polymerization can be conducted in two or more stages under different reaction conditions, in the olefin 
polymerization catalyst used in the invention, other components useful for olefin polymerization may be further con- 
tained in addition to the above components. 

[01 21 ] Examples of the olefins which can be polymerized by the use of the def in polymerization catalyst include eth- 
ylene; the aforesaid a-olef ins of 6 to 8 carbon atoms ; other a-olef ins, such as propylene, 1 -butane. 1 -pentene, 4-methyl- 
1 -pentene, 1 -decene, 1 -dodecene, 1 -tetradecene, 1 -hexadecene and 1 -octadecene and 1 -eicosene; and cyclic olefins 
of 3 to 20 carbon atoms, such as cycloperrtene, cycloheptene, norbornene, 5-methyl-2-norbomene, tetracyclodo- 
decene and 2-methyl-l,4 I 5,8-dimethano-1,2,3.4,4a,5,8,8a-octahydronaphthalene. Also employable are styrene, vinyl- 
cyctohexane and dienes 

[01 22] In the ethylene/a-olef in copolymer of the invention obtained by the olefin polymerization process, it is desired 
that the constituent units derived from ethylene are present in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % 
by weight, more preferably 65 to 98 % by weight, most preferably 70 to 96 % by weight, and the constituent units derived 
from the a-olef in of 6 to 8 carbon atoms are present in amounts of 0 to 50 % by weight preferably 1 to 45 % by weight, 
more preferably 2 to 35 % by weight, most preferably 4 to 30 % by weight. 

[0123] The ethylene/a-olefin copolymer thus obtained preferably exhibits the aforesaid properties (A-i) to (A-tii), so 
that it has excellent mokJability and can produce films of excellent transparency and mechanical strength. 

Ethylene. copolymer composition (A3 

[0124] The ethylene copolymer composition (A") has substantially the same content and usefulness as those of the 
ethylene/a-olefin copolymer (A), and comprises (B) an ethylene/a-olefin copolymer and (C) an ethylene/a-olefin copol- 
ymer which is different from the copolymer (B). 

[01 25] The ethylene/a-olefin copolymer (B) is a random copolymer of ethylene and an a-olef in of 6 to 8 carbon atoms. 
Examples of the a-olefins of 6 to 8 carbon atoms include the same olefins as previously described. 
[0126] In the ethylene/a-olefin copolymer (B), it is desired that the constituent units derived from ethylene are present 
in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 98 % by weight, most pref- 
erably 70 to 96 % by weight, and the constituent units derived from the a-olefin of 6 to 8 carbon atoms are present in 
amounts of 0 to 50 % by weight preferably 1 to 45 % by weight, more preferably 2 to 35 % by weight, particularly pref- 
erably 4 to 30 % by weight. 

[01 27] The ethylene/a-olefin copolymer (B) preferably has the following properties (B-i) to (B-vii) and particularly pref- 
erably has the following properties (B-i) to (B-viii). 

(B-i) The density (d) is in the range of 0.880 to 0.970 g/cm 3 , preferably 0.880 to 0.960 g/cm 3 , more preferably 0.890 
to 0.935 g/cm 3 , most preferably 0.905 to 0.930 g/cm 3 . 

CB-it) The melt flow rate (MFR) is in the range of 0.02 to 200 g/1 0 min, preferably 0.05 to 50 g/10 min, more prefer- 
ably 0.1 to10g/10min. 

(B-iii) The decane-soluble component fraction (W (wt%)) at 23 °C and the density (d (g/cm 3 )) satisfy the following 
relation 

in case of MFR £ 1 0 g/1 Omin, 

W < 80xexp(-100(d-0.88))+0.1. 
preferably W < 60xexp(-100(d-0.88))-fO.1, 
more preferably W < 40xexp(-100(d-0.88))+O.1, 
incaseofMFR>10g/10min, 

W < 80x(MFR-9) a26 xexp(-100(cJ-0.88))+0.1. 
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(B-iv) The temperature (Tm ("C)) at the maximum peak position of an endothermic curve of the copolymer as 
measured by a differential scanning calorimeter (DSC) and the density (d (g/cm 3 )) satisfy the following relation 

Tm < 400xd-248, 

preferably Tm < 450xd-296, 

more preferably Tm < 500xd-343, 

particularly preferably Tm < 550xd-392. 



The ethylene/a-olefin copolymer (B) having the above-defined relation between the temperature (Tm) at the 
maximum peak position of an endothermic curve as measured by a differential scanning calorimeter (DSC) and the 
density (d) and having the above-defined relation between the-irdeeane-soluble component fraction (W) and the 
density (d) shows a narrow composition distribution. 

(B-v) The melt tension (MT (g)) and the melt flow rate (MFR (g/1 0 min)) satisfy the following relation 
9.0xMFR '°' 65 > MT > 2.2XMFR " 0 84 , 



preferably 9.0xMFR "° 65 > MT > 2.3xMFR 



morepreferably8.5xMFR-° e5 > MT > 2.5xMFR 



The ethylene/a-olefin copolymer having the above property shows high melt tension (MT), so that it has excel- 
lent moldabilfty. 

(B-vf) The flow activation energy ((E^xlO" 4 J/molK) determined from a shift factor of time-temperature superposi- 
tion of the flow curve, the carbon atom number (6) of the o-olefin in the copolymer and the a-olefin content (x 
mot%) in the copolymer satisfy the following relation 

(0.039Ln(C-2)-»0.009S)xx+2.87 < (EJxIO"* & (0.O39Ln(C-2)-+O.1660)xx+2.87, 

preferably 

(0.039Ln(C-2>+0.009S)xx+2.87 < (E a )x10"* <; (0.039Ln(C-2)+0.1500)xx+2.87, 
more preferably 

(0.039Ln(C-2H0.0096)xx+2.87 < (E a )x10^ £ (0.039Ln(C-2H0.1300)xx+2.87. 

(B-vii) The molecular weight distribution (Mw/Mn, Mw: weight-average molecular weight, Mn: number-average 
molecular weight), as determined by GPC, satisfies the following condition 

2.2 < Mw/Mn < 3.5, 

preferably 24 < Mw/Mn < 3.0. 



The molecular weight distribution (Mw/Mn) was measured by the following manner using GPC-1 5QC manufac- 
tured by Milipore Co. 

A column of TSK-GNH-HT having a diameter of 72 mm and a length of 600 mm was used, and the column tem- 
perature was 140 "C. In the column, 500 microliters of a sample (concentration: 0.1 % by weight) was moved using 
o-dichlorobenzene (available from Wako Junyaku Kogyo K.K.) as a mobile phase and 0.02S % by weight of BHT 
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(available from Takeda Chemical Industries, Ltd.) as an antioxidant As a detector, a differential ref ractometer was 
used. As standard polystyrene, polystyrenes of Mw<1,000 and Mw>4x10 6 available from TOHSO K.K. and poly- 
styrene of 1,000<Mws4x10 6 available from Pressure Chemical Co. were used. 

(B-viii) The number of unsaturated bonds present in the molecules of the copolymer is not more than 0.5 based on 
1 ,000 carbon atoms and is less than 1 based on one molecule of the copolymer. 

[0128] The quantitative determination of the unsaturated bonds is made by finding an area intensity of signals not 
assigned to double bonds, i.e., signals within the range of 10 to 50 ppm, and an area intensity of signals assigned to 
double bonds, i.e., signals within the range of 105 to 150 ppm, from the integration curve using 13 C-NMR and calculat- 
ing a ratio between the intensities. 

[01 29] The ethylene/a-olefin copolymer (B) can be obtained by copolymerizing ethylene and an a-olef in of 6 to 8 car- 
bon atoms in the presence of an olefin polymerization catalyst comprising, for example, (a) an organoalunranum oxy- 
compound and (b-ll) a transition metal compound represented by the aforesaid formula (II). The organoaluminum oxy- 
compound (a) and the transition metal compound (b-l I) are the same as those previously described in the process for 
preparing the ethylene/a-olefin copolymer (A). Similarly to the preparation of ethylene/a-olefin copolymer (A), the car- 
rier (c) and the organoaluminum compound (d) may be also employed, and prepolymerization may be conducted. The 
amounts of the components, prepolymerization conditions and polymerization conditions for preparing the ethylene/a- 
olefin copolymer (B) are the same as those for preparing the etrr/lene/a-olefin copolymer (A). 
[0130] The ethylene/a-olefin copolymer (C) is a random copolymer of ethylene and an a-olef in of 6 to 8 carbon atoms. 
Examples of the a-olef ins of 6 to 8 include the same olefins as described above. 

[01 31 ] In the ethylene/a-olefin copolymer (C) for use in the invention, it is desired that the constituent units derived 
from ethylene are present in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 
98 % by weight, most preferably 70 to 96 % by weight, and the constituent units derived from the a-olelin of 6 to 8 car- 
bon atoms are present in amounts of 0 to 50 % by weight, preferably 1 to 45 % by weight, more preferably 2 to 35 % by 
weight particularly preferably 4 to 30 % by weight. 

[01 32] The ethylene/a-olefin copolymer (C) preferably has the following properties (C-i) to (C-v) and particularly pref- 
erably has the following properties (C-i) to (C-vi). 

(C-0 The density (d) is In the range of 0.880 to 0.970 g/cm 3 , preferably 0.880 to 0.960 g/cm 3 , more preferably 0.890 
to 0.935 g/cm 3 , most preferably 0.905 to 0.930 g/cm 3 . 

(C-ii) The melt flow rate (MFR) is in the range of 0.02 to 200 g/10 min, preferably 0.05 to 50 g/10 min, more prefer- 
ably 0.1 to 10 g/10 min. 

(C-iii) The decane-soluble component fraction (W (wt%)) at 23 °C and the density (d (g/cm 3 )) satisfy the following 
relation 

in case of MFR £ 1 0 g/1 Omin, 

W< 80xexp(-100{d-0.88))+0.1, 
preferably W < 60xexp(-100(d-0.88))+0.1, 
more preferably W < 40xexp(-100(d-0.88))+0.1 , 
in caseofMFR>10g/10min. 

W < 80x(MFR-9) 026 xexp(-100(d-0.88))+0.1. 

(C-iv) The temperature (Tm ( 4 C)) at the maximum peak position of an endothermic curve of the copolymer as 
measured by a differential scanning calorimeter (DSC) and the density (d (g/cm 3 )) satisfy the following relation 

Tm < 400xd-248, 

preferably Tm < 450xd-296. 

more preferably Tm < 500xd-343, 

parflcularly preferably Tm < 550xd-392. 
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The ethylene/a-olefin copolymer (C) having the above-defined relation between the temperature (Tm) at the 
maximum peakposition of an endothermic curve as measured by a differential scanning calorimeter (DSC) and the 
density (d) and having the above-defined relation between the n-decane-soluble component fraction (W) and the 
density (d) shows a narrow composition distribution. 

(C-v) The melt tension (MT (g)) and the melt flow rate (MFR (g/1 0 min)) satisfy the following relation 
MT^xMFR" 0 " 84 . 

(C-vi) The number of unsaturated bonds present in the molecules of the copolymer is not more than 0.5 based on 
1,000 carbon atoms and is less than 1 based on one molecule of the copolymer. 

The ethylene/a-olefin copolymer (C) can be obtained by copolymerizing ethylene and an a-olefin of 6 to 8 car- 
bon atoms in the presence of an olefin polymerization catalyst comprising, lor example, (a) an organoaluminum 
oxy-compound and (b-l) a transition metal compound represented by the aforesaid formula (I). The organoalumi- 
num oxy-compound (a) and the transition metal compound (b-l) are the same as those previously described in frie 
process for preparing the ethylene/a-olefin copolymer (A). Similarly to the preparation of the ethylene/a-olefin 
copolymer (A), the carrier (c) and the organoaluminum compound (d) may be employed, and prepolymerization 
may be conducted. The amounts of the components, prepolymerization conditions and polymerization conditions 
for preparing the ethylene/a-olefin copolymer (C) are the same as those for preparing the ethylene/a-olefin copol- 
ymer (A). 

[01 33] In the ethylene copolymer composition (A 1 ) of the invention, it is desired that the ethylene/a-olefin copolymer 
(B) is contained in an amount of 1 to 90 % by weight, preferably 2 to 80 % by weight and the ethylene/a-olefin copoly- 
mer (C) is contained in an amount of 10 to 99 % by weight, preferably 20 to 98 % by weight. 
[01 34] In the ethylene copolymer composition ( A^ comprising the ethylene/a-olefin copolymer (B) and the ethylene/a- 
olefin copolymer (C), the ratio of the melt flow rate (MFR(C)) of the ethylene/a-olefin copolymer (C) to the melt flow rate 
(MFR(B)) of the ethylene/a-olefin copolymer (B) satisfies the following condition: 

1 <(MFR(C)MMFR(B))^20. 

[0135] In the ethylene copolymer composition (A'), the ethylene/a-olefin copolymers (B) and (C) are both desirably 
ethylene/1 -hexene copolymers. In this case, the ethylene copolymer composition (A") has substantially the same prop- 
erties as those of the ethylene/a-olefin copolymer (A) as described below, and can be expected to exhibit usefulness 
similar to that of the copolymer (A). 

(A'-i) The melt tension (MT (g)) and the melt flow rate (MFR (g/10 min)) satisfy the following relation 

9.0XMFR" 0 - 65 > MT > 2.2XMFR" 0 84 , 

preferably 9.0XMFR" 065 > MT > 2.3xMFR "° M , 

more preferably 8.5xMFR"° 65 > MT > 2.5xMFR"° M 



The ethylene copolymer composition (A") having trie above property shows high melt tension, so that it has 
excellent moldability. 

(A'-ii) The flow activation energy ((EaJxIO" 4 J/moIK) determined from a shift factor of time-temperature superposi- 
tion of the flow curve, the carbon atom number (C) of 1 -hexene in the copolymers (B) and (C). and the total content 
(x mol%) of 1 -hexene in the copolymers (B) and (C) satisfy the following relation 

(0.039Ln(C-2)+0.0096)xx+2.87 < (E a )x10^ £ (0.039Ln(C-2)+0.1660)xx+2.87, 

preferably 

(0.039Ln(C-2)4O.0096)xx+2.87 < (E a )x10~" £ (0.039Ln(C-2)+0.1 500)xx+2.87, 
more preferably 

(0.039Ln(C-2)+0.009S)xx+2.87 < (E a )x10^ £ (0.039Ln(C-2)+0.1300)xx+2.87. 
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(A'-iii) The haze of a film having a thickness of 30 urn produced from the ethylene copolymer composition (A*) by 
inflation molding satisfies the following conditions: 

where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x10 s dyne/cm 2 
at 190 °C and the melt flow rate (MFR) satisfy the relation Fl S: 100xMFR , 

Haze < 0.45/(1 -d)xtog(3xMT 1 4 )x(C-3) 01 , 



where the flow index (Fl) defined as a shear rate which is given when the shear stress reaches 2.4x10 6 dyne/cm 2 
at 190 °C and the melt flow rate (MFR) satisfy the relation Fl < 100xMFR , 

Haze < 0.25/(1 -d)xlog(3xMT 1 - 4 )x(C-3) 01 

wherein d represents density (g/cm 3 ), MT represents melt tension (g), and C represents the carbon atom number 
of 1 -hexene. namely. 6. 

The ethylene copolymer composition (A') satisfying the above conditions has excellent moldability and is capa- 
ble of producing films of excellent transparency. 

The ethylene copolymer composition (A") of the invention preferably further has the following property in addi- 
tion to the above properties 

(A'-iv) The molecular weight distention (Mw/Mn, Mw: weight-average molecular weight, Mn: number-average 
molecular weight), as determined by GPC, satisfies the following condition: 

2.0 <: Mw/Mn <; 2.5, 

preferably 2.0 <; Mw/Mn <; 2.4. 



in the ethylene copolymer composition (A") according to the invention, it is desired that the constituent units 
derived from ethylene are present in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % by weight, more pref- 
erably 65 to 98 % by weight, most preferably 70 to 96 % by weight, and the constituent units derived from the a- 
olefln of 6 to 8 carbon atoms, preferably 1 -hexene, are present in amounts of 0 to 50 % by weight, preferably 1 to 
45 % by weight,*more preferably 2 to 35 % by weight, particularly preferably 4 to 30 % by weight. 

The ethylene copolymer composition (A 1 ) desirably has a density (d) of 0.880 to 0.970 g/cm 3 , preferably 0.880 
to 0.960 g/cm 3 , more preferably 0.890 to 0.935 g/cm 3 . most preferably 0.905 to 0.930 g/cm 3 . 

Tne ethylene copolymer composition (A') desirably has a melt flow rate (MFR) of 0.05 to 200 g/10 min, prefer- 
ably 0.08 to 50 g/10 min, more preferably 0.1 to 10 g/10 min. 

The n-decane-soluble component fraction (W (wt%)) of the ethylene copolymer composition {A) at 23 °C and 
the density (d (g/cm 3 )) thereof satisfy the following relation 
in case of MFR <: 10 g/1 Omin, 

W < 80xexp(-t00(d-O.88))+0.1, 
preferably W < 60xexp(-100(d-0.88))+fl.1. 
more preferably W < 4Oxexp(-1OO(d-O.88))40.l . 

incaseofMFR>10g/10min, 

W < 80x(MFR-9) 026 xexp(-100(d-0.88))+0.1. 

The temperature (Tm CO) at the maximum peak position of an endothermic curve of the ethylene copolymer 
composition (A") as measured by a differential scanning calorimeter (DSC) and the density (d (g/cm 3 )) thereof sat- 
isfy the following relation 

Tm < 400xd-248, 



preferably Tm < 450xd-296, 
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more preferably Tm < 500xd-343, 

particularly preferably Tm < 550xd-392. 

The ethylene copolymer composition (A") having the above-defined relation between the temperature (Tm) at 
the maximum peak position of an endothermic curve as measured by a differential scanning calorimeter (DSC) and 
the density (d) and having the above-defined relation between the n-decane-sokible component fraction (W) and 
the density (d) shows a narrow composition distribution. 

[0136] The ethylene copolymer composition (A") comprising the ethylene/a-olefin copolymer (B) and the ethylene/a- 
olefin copolymer (C) can be prepared by conventional processes, for example, the following processes. 

(1) The ethylene/a-olefin copolymer (B), the ethylene/a-olefin copolymer (C) and crther components optionally 
added are mechanically blended or melt mixed using a tumbler, an extruder, a kneader or the like. 

(2) The ethylene/a-olefin copolymer (B). the ethyfene/a-olefin copolymer (C) and other components optionally 
added are dissolved in an appropriate good solvent (e.g., hydrocarbon solvents such as hexane, heptane, decane, 
cydohexane, benzene, toluene and xylene), and the solvent is then removed from the solution. 

(3) The ethylene/a-olefin copolymer (B), the ethylene/a-olefin copolymer (C) and other components optionally 
added are individually dissolved in a good solvent, the solutions are mixed, and the solvents are removed from the 
mixture. 

(4) The processes (1 ) to (3) are properly combined. 

[0137] The ethylene/a-olefin copolymer (A) and the ethylene copolymer composition (A*) of the invention described 
above both have excellent moldability and are capable of producing films of excellent transparency and mechanical 
strength, as they are, but they can be used in combination with other polymers, preferably an ethylene/a-olefin copoly- 
mer. As such an ethylene/a-olefin copolymer, the below-described ethylene/a-olefin copolymer (D) is particularly pref- 
erably employed. 

[0138] The ethylene/a-olefin copolymer (D) is a random copolymer of ethylene and an a-olefin of 3 to 20 carbon 
atoms. Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1-butene, 1-pentene, 1 -hexene, 4-methyl- 
1-pentene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosene. 
[01 39] In the ethylene/a-olefin copolymer (D), ft is desired that the constituent units derived from ethylene are present 
in amounts of 50 to 1 00 % by weight, preferably 55 to 99 % by weight, more preferably 65 to 98 % by weight, most pref- 
erably 70 to 96 % by weight and the constituent units derived from the a-olefin of 3 to 20 carbon atoms are present in 
amounts of 0 to 50 % by weight preferably 1 to 45 % by weight more preferably 2 to 35 % by weight, most preferably 
4 to 30% by weight 

[0140] The ethylene/a-olefin copolymer (D) preferably has the following properties (D-i) to (D-ii) and particularly pref- 
erably has the following properties (D-i) to (D-iv). 

(D-i) The density (d) is in the range of 0.850 to 0.980 g/cm 3 , preferably 0.910 to 0.960 g/cm 3 . more preferably 0.91 5 
to 0.955 g/cm 3 , most preferably 0.920 to 0.950 g/cm 3 . 

(D-ii) The intrinsic viscosity (x\) as measured in decalin at 135 °C is in the range of 0.4 to 8 dl/g, preferably 0.4 to 
1 .25 dl/g. more preferably 0.5 to 1.23 dl/g. 

(D-iii) The temperature (Tm (°Q) at the maximum peak position of an endothermic curve of the copolymer as 
measured by a differential scanning calorimeter (DSC) and the density (d (g/cm 3 )) satisfy the following relation 

Tm < 400xd-250, 

preferably Tm < 450xd-297, 

more preferably Tm < 500xd-344, 

particularly preferably Tm < 550xd-391 . 

(D-iv) The n-decane-soluble component fraction (W (wt%)) at room temperature and the density (d (g/cm 3 )) satisfy 

the following relation 

in case of MFR £ 10 g/IOrrtn, 



W < SOxexpf-IOOfd-O.SSJKO.I, 
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preferably W < 60xexp{-100(d-O.88))+O.l, 
more preferably W «: 40xexp(-100(d-0.88))+0.1 l 
in case of MFR > 10 g/10min, 

W < 80x(MFR-9)"S<exp{-1OO(d-O.88))-»<).1. 



The ethylene/a-olefin copolymer (D) having the above-defined relation between the temperature (Tm) at the 
maximum peak position of an endothermic curve as measured by a differential scanning calorimeter (DSC) and the 
density (d) and having the above-defined relation between the n-decane-soluble component fraction (W) and the 
density (d) shows a narrow composition distribution. 

[0141] The ethylene/a-olefin copolymer (A) is not identical with the ethylene/a-olefin copolymer (D); and each of the 
ethylene/a-olefin copolymers (B) and (C) is not identical with the ethyl ene/a-olef in copolymer (D). Specifically, the eth- 
yiene/a-olefin copolymer (D) can be differentiated from the ethylene/a-olefin copolymers (A) to (C) in the following prop- 
erties. 

[0142] The copolymer (D) can be differentiated from the copolymer (A) regarding that the copolymer (D) does not sat- 
isfy at least one of properties (A-i) to (A-iii) required for the copolymer (A). The copolymer (B) can be differentiated from 
the copolymer (D) in the fact that the copolymer (D) does not satisfy at least one of (B-iii) to (B-vii) for the copolymer 
(B). Further, the copolymer (D) does not satisfy at least one of (C-iii) to (C-v) required for the copolymer (C). 
[0143] The ethylene/a-olefin copolymer (D) can be prepared by copolymerizing ethylene and an a-olefin of 3 to 20 
carbon atoms in the presence of an olefin polymerization cataiyst comprising, for example, (a) an organoaluminum 
compound and (b-lll) the below-described transition metal compound represented by the formula (III). The organoalu- 
minum oxy-compound (a) is the same as that previously described in the process for preparing the ethytene/a-olefin 
copolymer (A). Similarly to the preparation of ethylene/a-olefin copolymer (A), the carrier (c) and the organoaluminum 
compound (d) may be employed, and prepolymerization may be conducted. The amounts of the components, prepo- 
lymerization conditions and polymerization conditions for preparing the ethylene/a-olefin copolymer (D) are the same 
as those for preparing the ethylene/a-olefin copolymer (A). 
[0144] The transition metal compound (b-lll) is described below. 



[0145] The transition metal compound (b-lll) (sometimes referred to as "component (b-lll)" hereinafter) used for pre- 
paring the ethylene/a-olefin copolymer (D) is a compound of a transition metal of Group 4 of the periodic table contain- 
ing a ligartd having cyclopentadienyl skeleton. As the transition metal compound (b-lll), any compound can be used 
without specific limitation, as far as it is a compound of a transition metal of Group 4 of the periodic table containing a 
ligand having cyclopentadienyl skeleton. The transition metal compound (b-lll), however, is preferably a compound rep- 
resented by the following formula (III). 

ML 3 X (ill) 

[0146] In the formula (111). M is a transition metal atom selected from Group 4 of the periodic table, specifically zirco- 
nium, titanium or hafnium, preferably zirconium. 
[0147] x is a valence of the transition metal. 

[0148] L 3 is a ligand coordinated to the transition metal atom M , and at least one ligand L 3 is a ligand having cyclopen- 
tadienyl skeleton. Examples of the ligands having cyclopentadienyl skeleton include a cyclopentadienyl group; alkyi- 
substituted cyclopentadienyl groups, such as a methylcyclopentadienyl group, a dimethylcyclopentadienyl group, a tri- 
methylcydoperrtadienyl group, a tetramethylcydopentadienyl group, a pentamethylcyclopentadienyl group, an ethylcy- 
dopentadienyt group, a metriylethylcyclopentadienyl group, a r^ropylcydoperrtadienyl group, a 
methylpropyicydopentadienyl group, a butylcydopentadienyl group, a methylbutylcydopentadienyl group and a hexyl- 
cyctopentadienyl group; an indenyl group; a 4,5,6.7-tetiartydraindenyl group; and a fluoreny! group. These groups may 
be substituted with halogen atoms, trialkylsilyl groups and the like. 

[0149] Of the ligands having cyclopentadienyl skeleton, particularly preferable are alkyl-substituted cyclopentadienyl 
groups. 

[0150] When the compound represented by the formula (ill) contains two or more ligands having cyclopentadienyl 
skeleton, two of them may be bonded through an alkylene group such as ethylene or propylene, an alty-substituted 



EP 0 926 169 A2 



alkylene group such as isopropylidene or diphenylmethylene, s silylene group, or a substituted silylene group such as 
dimethylsilylene, diphenylsilyiene or methyiphenylsilylena 

[0151 ] In the formula (III), L 3 other than the ligand having cyciopentadienyl skeleton is a hydrocarbon group of 1 to 1 2 
carbon atoms, an alkoxy group, an aryloxy group, a trialkyisiiyl group, a halogen atom or a hydrogen atom, each of 
which is the same group or atom as indicated by L 1 in the aforesaid formula (I), or a S0 3 R group (R is a hydrocarbon 
group of 1 to 8 carbon atoms which may have a substituent such as halogen). Examples of the iigands represented by 
S0 3 R include a p-toluenesulfonato group, a methanesulfonato group and a trifluoromeihanesulfonato group. 
[0152] The transition metal compound of the formula (II I) wherein the valence of the transition metal is, for example, 
4 is more specifically represented by the following formula (III 1 ): 

R^R^M (III') 

wherein M is the same transition metal atom as described above; R 2 is a group (ligand) having cyciopentadienyl skel- 
eton; R 3 , R 4 and R 5 are each a group having cyciopentadienyl skeleton, an alkyl group, a cycloalkyl group, an aryl 
group, an aralkyl group, an alkoxy group, an aryloxy group, a trialkyisiiyl group, a S0 3 R group, a halogen atom or a 
hydrogen atom; k is an integer of 1 or more; and k+l+m+n = 4 . 

[0153] In the present invention, a metallocene compound wherein one of R 3 , R* and R 5 is a group (ligand) having 
cyciopentadienyl skeleton, e.g„ a metallocene compound wherein R 2 and R 3 are each a group (ligand) having 
cyciopentadienyl skeleton, is preferably employed. The groups having cyciopentadienyl skeleton may be bonded 
through an alkylene group such as ethylene or propylene, a substituted alkylene group such as isopropylidene Or diphe- 
nylmethylene, a silylene group, or a substituted silylene group such as dimethylsilylene, diphenylsilyiene or methylphe- 
nylsilylene. In this case, other Iigands (e.g., R 4 and R 5 ) are each a group having cyciopentadienyl skeleton, an alkyl 
group, a cycloalkyl group, an aryl group, an aralkyl group, an alkoxy group, an aryloxy group, a trialkyisiiyl group, a 
SO3R group, a halogen atom or a hydrogen atom. 

[0154] Examples of the transition metal compounds represented by the formula (III) include bis(indenyl)zirconium 
dichloride, bis(rndenyl)zirconium dibromide. bis(indenyl)zirconiumbis(p-toluenesulfonato), bis(4,5,6,7-tetrahydroinde- 
nyljzirconium dichloride, bis(fluoreny1)zirconium dichloride, ethyienebis(indenyl)zirconium dichloride, ethylenebisfjrKte- 
nyl)zirconium dibromide, ethylenebis(indenyl)dimethylzirconium. ethylenebis(indenyl)diphenylzirconium, 
ethylenebisCfndenyFjmethylzirconium monochloride, ethylenebisOrxJenyl)zirconiumbis(methanesuffonato). ethyl- 
enebis(indenyl)zirconiumbis(p-tDluenesuKonato) . ethylenebis(indenyl)zirconiumbis(trif luoromethanesulfonato), ethyl- 
enebis(4,5,6,7-tetrartydroindeny1)zirconium dichloride, isapropyliden^cydoperttadienyl-fluorenyl)zirconium dichloride, 
isopropylidene(cyclopentadienyl-methylcycloperitadienyl)ziiw^ dichloride, dimethylsilyienebis(cydoperitadi- 
enyQzirconium dichloride, dimethylsilylenebis(methylcycloperrtadienvl)zirconium dichloride, dimethylsilylenebis(dimeth- 
ylcyclopentadienyl)zirconium dichloride, dimethylsilylenebis(trimethylcyclopentadienyf)zirconium dichloride, 
cfimethylsirylenebis(indenyl)zirconium dichloride, dimethylsilylenebisCindenyl)z^ 

cBmethylsilylenebis(4,5,6,7-tetrahydroinderiyl)zirconium dichloride, dmethylsilylene(cyclopentadienvl^luorenyf)zirco- 
nium dichloride, diphenylsilylenebisfindenyl)zirconium dichloride, methylphenylsily!enebis(indenyl)zirconium dichloride, 
bis(cyclopentadienyOziroonium dichloride, bis(cycloperttadienyl)zirconium dibromide, bis(cydoperrtadienyl)methylzir- 
conium monochloride, bis(cyclopentadienyl)etriyfzirconium monochloride, bis(cyclopentaclienyOcyclohexylzirconium 
monochloride, bis(cyclopentadienyl)phenylzireonium monochloride. bis(cycloperrtadienyl)benzylzirconium monochlo- 
ride. bis(cycloperrtadienyl)zirconium monochloride monohydride, bis(cyclopentadienyl)methylzirconium monohydride, 
b«(<yclc^entadieriyl)dimethvlzirconium. bis(cyclopentadienyl)diphenylzirconium, bis(cyclopentadienyOdibenzylzirco- 
nium, bis(cyclopentadierryl)zirconium methoxychloride, bis(cycloperrtadienyl)zirconium ethoxychloride, bis(cycloperrta- 
dienyl)zirconiumbis(methanesulfonato), bis(c^cpentadienyl)zircOTiurribis(p-toluenesuffonato), 
bis(cyclopenta^ienyOzirconiui^ Dis(methylcydoperitadienyI)zirconium dichloride, 

bis(tfimethylc^dcpentadienyl)zirconjum dichloride, bis(dimetnylcycloperrtadienvl)zirconium ethoxychloride, bis(dimeth- 
ylcydopentadierTyl)zirOTniumbis(trifluoromethane-suEfonato), bis(ethylcyclopentadienyf)zirconium dichloride, bisfmeth- 
ylethylcyclopentadienyl)zirconium dichloride, bis(bropylcye^ntadienyl)zirconium dichloride, 

bis(mefhyipropylcyclopentadienyl)zirconium dichloride, bis{buiylcyclopentadienyl)zirconium dichloride, bis(methylbutyl- 
cydoperrtadienyl)zirconium dichloride, bis(methylbLrtylcydopentadienyt)zirco^^ bis(trimethyl- 
cydopentadienyrjzirconium dichloride, bis(tetrarnethyicydopentadienvl)zirconium dichloride, 

bisQsentamethylcyclopentadienylJzirconium dichloride, bis(hexylcyclopentadienyl)zirconium dichloride, and bisftrimeth- 
vlsilylcydopentadienyOzirconium dichloride. 

[0155] In the above examples, the di-substituted cyciopentadienyl rings include 1 ,2- and 1 ,3-substttuted cyciopenta- 
dienyl rings, and the tri-substituted cydopentadienyl rings indude 1 ,2,3- and 1,2,4-substituted cydcpentadienyl rings. 
The alkyl groups such as propyl and butyl include isomers such as n-, i-, sec- and tert-alkyl groups. 
[0156] Also employable are compounds wherein zirconium is replaced with titanium or hafnium in tiie above-exempli- 
fied zirconium compounds. 
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[0157] The transition metal compounds represented by the formula (I II) include the transition metal compounds (b-l) 
represented by the formula (I) and the transition metal compounds (b-ll) represented by the formula (II). 
[0158] The ethylene/a-olefin copolymer (D) can be prepared by copolymerizing ethylene and an a-olefin of 3 to 20 
carbon atoms in the presence of the above-mentioned olefin polymerization catalyst in such a manner that the resulting 
copolymer has a density of 0.850 to 0.980 g/cm 3 . 

[01 59] The ethylene/a-olefin copolymer (D) is used in an amount of preferably 99 to 60 parts by weight, more prefer- 
ably 95 to 60 parts by weight, based on 100 parts by weight of the ethylene/a-olefin copolymer (A) or the ethylene 
copolymer composition (A*). 

[01 60] A composition comprising the ethylene/a-olefin copolymer (D) and either the ethylene/a-olefin copolymer (A) 
or the ethylene copolymer composition (A') can be prepared by the conventional processes previously described. The 
composition can be prepared by a multi-stage polymerization process wherein the copolymerization is conducted in two 
or more stages under different reaction conditions using one or plural polymerization reactors 
[0161] Although the ethylene/a-olefin copolymer (A) and the ethylene copolymer composition (A 1 ) according to the 
invention are employable without specific limitation in various fields wherein conventional ethylene copolymers have 
been hitherto employed, they are favorably employed particularly fa producing f Oms such as cast film and inflation film 
and sheets such as extruded sheet The films can be obtained by ordinary air-cooling inflation molding, air-cooling two- 
stage inflation molding, high-speed inflation molding, T-die film molding, water-cooling inflation molding or the lite. The 
films thus produced have excellent transparency and mechanical strength, and exhibit heat sealing properties, hot tack 
properties, heat resistance and good blocking tendency which are characteristic features of conventional LLDPE. More- 
over, the films are free from surface tackiness because the ethylene/a-olefin copolymer or the ethylene copolymer com- 
position shows an extremely narrow composition distribution. In addition, the copolymer (A) and the composition (A') 
exhibit excellent bubble stability when subjected to inflation molding, because they have high melt tension. 
[0162] The films obtained by molding the ethylene/a-olefin copolymer (A) and the ethylene copolymer composition 
(A*) are favorable as films for various packaging bags such as standardized bags, sugar bag and bags for oily or liquid 
materials, and agricultural films. The films can be used as multi-layer films by laminating the films onto substrates of 
nylon, polyester and the like. 

[0163] The process for preparing an ethylene/a-olefin copolymer according to the invention comprises copolymerizing 
ethylene and an a-olefin of 6 to 8 carbon atoms in the presence of the olefin polymerization catalyst comprising (a) the 
organoaluminum oxy-compound, (b-l) the transition metal compound and (b-ll) the transition metal compound. In the 
process of the invention, the carrier (c) and the organoaluminum compound (d) may be employed, and prepdymeriza- 
tion may be conducted, similarly to the aforesaid process for preparing the ethylene/a-olefin copolymer (A). The 
amounts of the components, prepolymerization conditions and polymerization conditions in the process of the invention 
are the same as those for preparing the ethylene/a-olefin copolymer (A). 

EFFECT OF THE INVENTION 

[01 64] The ethylene/a-olefin copolymer and the ethyl ene copolymer composition according to the invention have high 
melt tension and excellent mokJability. From the ethylene/a-olefin copolymer and the ethylene copolymer composition, 
films of excellent transparency and mechanical strength can be produced. 

EXAMPLE 

[01 65] The present invention is further described with reference to the following examples, but it should be construed 

that the invention is in no way limited to those examples. 

[0166] In the examples, properties of films were evaluated in the following manner. 

Haze 

[01 67] The haze was measured in accordance with the method of ASTM D-1 003-61 . 
Gloss 

[01 68] The gloss was measured in accordance with the method of JIS Z8741 . 
Dart NpaclsttgiatJi 



[0169] The dart impact strength was measured in accordance with the A method of ASTM D-1 709. 
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Preparation Example 1 
Proration of catalyst component 

s [0170] In 80 liters of toluene, 5.0 kg of silica having been dried at 250 °C for 1 0 hours was suspended, and the sus- 
pension was cooied to 0 °C. To ttie suspension, 28.7 liters of a toluene solution of methylaluminoxane (Al: 1.33 mol/l) 
was dropwise added over a period of 1 hour. During the addition, the temperature of the system was maintained at 0 
°C. Subsequently, the reaction was conducted at 0 °C for 30 minutes, then the temperature of the system was raised 
up to 95 °C over a period of 1 .5 hours, and at that temperature, the reaction was conducted for 20 hours. Thereafter, 

10 the temperature of the system was lowered to 60 °C, and the supernatant liquid was removed by decantation. 

[01 71 J The resulting solid was washed twice with toluene and then resuspended in 80 liters of toluene. To the system, 
20.0 liters of a toluene solution of bis(methylcyclopentadieny0zi«5onium dichloride (Zr: 14.0 mmol/l) was dropwise 
added at 80 "C over a period of 30 minutes, and the reaction was further conducted at 80 °C for 2 hours. Thereafter, 
the supernatant liquid was removed, and the remainder was washed twice with hexane to obtain a solid catalyst con- 

is taining 3.6 mg of zirconium per 1 g of the solid catalyst. 

[01 72] To 85 liters of hexane containing 1 .7 mo! of frBsoJxitytalumfoum, 0.85 kg of the solid catalyst obtained above 
20 and 77 g of 1 -hexane were added, and prepolymerization of ethylene was carried out at 35 "C for 3.5 hours to obtain a 
prepolymerized catalyst containing 3 g of polyethylene per 1 g of the solid catalyst. 

Polymerization 

ss [01 73] In a continuous type f luidized bed gas phase polymerization reactor, copolyrnerization of ethylene and 1 -hex- 
ene was carried out at a polymerization temperature of 80 °C under the total pressure of 20 kg/crrf-G. To the system 
were continuously fed the above-obtained prepolymerized catalyst at a rate of 0.05 mmol/hr in terms of a zirconium 
atom and triisobutylaluminum at a rate of 10 mmol/hr. During the polymerization, ethylene, l-hexene, hydrogen and 
nitrogen were continuously fed in order to maintain the gas composition constant (gas composition: 1-hexene/ethyiene 

30 = 0.020, hydrogen/ethylene = 9.5x1 0" 4 . ethylene concentration = 50 %). The yield of a polymer was 4.1 kg/hr. The 
obtained ethylene/a-olefin copolymer (B-1) was melt kneaded and pelletized. The melt properties and other properties 
of the copolymer (B-1) are set forth in Table 1 . 



[0174] A solid catalyst component was prepared in the si 
Preparation Example 1, except that 8.2 liters of a toluene solution 
dichloride (Zr: 34.0 mmrjl/l) was used in place of 20.0 liters of a 
nium dichloride (Zr: 14.0 mmol/I). 

Preparat ion of prepolymerized catalyst 



as in the "preparation of catalyst component" in 
solution of bis(methylcycloperrtadienyl)zirco- 



[0175] A prepolymerized catalyst was obtained in the same manner as in Preparation Example 1 , except that the solid 
catalyst component obtained in the above-mentioned "preparation of catalyst component'' was used. 

Polymerization 

[0176] An ethylene copolymer (C-1 ) was obtained in the same manner as in Preparation Example 1 , except that the 
prepolymerized catalyst obtained in the above-mentioned "preparation of prepolymerized catalyst" was used and the 
gas composition was varied to: 1 -hexene/ethylene = 0.020, hydrogen/ethylene = 5.0x1 0' 4 , and ethylene concentration 
= 50%. The properties of the ethylene copolymer (C-1 ) are set forth in Table 1 . 
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Example 1 

[01 77] A solid catalyst component was prepared in the same manner as in the "preparation of catalyst component" in 
Preparation Example 1, except that 5.8 Iters of a toluene solution of bis(1 r 3-n-butylmethylcyclopentadienyl)zirconium 
dichioride (Zr: 34.0 mmol/i) and 6.0 liters of a toluene solution of bis{methylcydopentadienyl)zirconium dichioride (Zr: 
14.0 mmol/l) were used in place of 20.0 liters of a toluene solution of bis(methyicyclopentadienyl)zirconium dichioride 
(Zr: 14.0 mmol/l). 

[01 78] A prepolymerized catalyst was obtained in the same manner as in Preparation Example 1 , except that the solid 
catalyst component obtained in the above-mentioned "preparation of catalyst component" was used. 

Polymerization 

[01 79] An ethylene copolymer (A-1 ) was obtained in the same manner as in Preparation Example 1 , except that the 
prepolymerized catalyst obtained in the above-mentioned "preparation of prepolymerized catalyst" was used and the 
gas composition was varied to: 1 -hexene/ethylene = 0.020. hydrogen/ethylene = 4.5x1 0" 4 , and ethylene concentration 
= 50 %. The properties of the ethylene copolymer (A-1 ) are set forth in Table 1 . 

Example 2 

Polymerization 

[0180] An ethylene/a-olefin copolymer (A-2) was obtained in the same manner as in Example 1 . except that the gas 
composition was controlled so that the ethylene/a-olefin copolymer (A-2) had MFR and a density shown in Table 1 . 

Example 3 

Polymerization 

[01 81 ] An ethylene/a-olefin copolymer (A-3) was obtained in the same manner as in Example 1 , except that the gas 
composition was controlled so that the ethylene/a-olefin copolymer (A-3) had MFR and a density shown in Table 1 . 



Polymerization 

[0182] An ethylene/a-olefin copolymer (C-2) was obtained in the same manner as in Preparation Example 1 . except 
that the gas composition was controlled so that the ethyiene/a-olefin copolymer (C-2) had MFR and a density shown in 
Table 1. 



Fr.^iatiojiJtrf.cataiyst component 

[0183] A solid catalyst component was prepared in the same manner as in the "preparation of catalyst component" in 
Preparation Example 1, except that 10.0 liters of a toluene solution of bis{1,3-dimetlTylcyclcperTtadienyl)zirconium 
dichioride (Zr: 28.0 mmol/l) was used in place of 20.0 liters of a toluene solution of bis(methylcydoperrtadienyf)zirco- 
nium dichioride (Zr: 14.0 mmol/l). 

Preparation of prepolymerized catalyst 



[01 84] A prepolymerized catalyst was prepared in the same manner as in Preparation Example 1 , except that the solid 
catalyst component obtained in the above-mentioned "preparation of catalyst component" was used. 
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Polymerization 

[0185] An ethylene/cc-olefin copolymer (D) was obtained in the same manner as in Preparation Example 1, except 
that the prepolymerized catalyst obtained in the above-mentioned "preparation of prepolymerized catalyst" was used 
and the gas composition was controlled so that the ethylene/a-olefin copolymer {D) had MFR and a density shown in 
Table 1. 

Example 4 

[0186] The ethylene/a-olefin copolymer (B-1) obtained in Preparation Example 1 and the ethylene/a-olefin copolymer 
(C-1) obtained in Preparation Example 2 were melt kneaded in a weight ratio of 80/20 ((B-1)/(C-1)) and pelletized. to 
obtain an ethylene copolymer composition (A'-1). 

[0187] The melt properties and other properties of the ethylene copolymer composition (A'-1) are set forth in Table 1 . 

[0188] From the pellets of each of the ethylene/a-olefin copolymers and the ethylene copolymer composition shown 
in Table 3, an inflation film having a thickness of 30 pm was produced by a single-screw, extruder having a diameter of 
20 mm<p and UD of 26 under the conditions of a die diameter of 25 mmip, a lip width of 0.7 mm, an air flow rate (by a 
single slit air ring) of 90 l/min, an extrusion rate of 9 g/min, a blow ratio of 1 .8, a take-up rate of 2.4 m/min and a process- 
ing temperature of 200 °C. The properties of the film are set forth in Table 3. 

Example 9 

[0189] Ethylene/a-olefin copolymers (A-4) and (A-5) were each prepared in the same manner as in Example 1 , except 
that the gas composition was controlled so that each of the ethylene/a-olefin copolymers (A-4) and (A-5) had a density 
and MFR shown in Table 1. The ethylene/a-olefin copolymers (A-4) and (A-5) were melt kneaded in a weight ratio of 
60/40 ((A-4)/(A-5)) and pelletized, to obtain an ethylene copolymer composition (L-1). From the pellets of the ethylene 
copolymer composition (L-1 ), an inflation film was produced in the same manner as in Examples 5 to 8. The results are 
set forth in Tables 2 and 3. 

Example 10 

[01 90] An ethylene/a-olefin copolymer (A-6) was prepared in the same manner as in Example 1 , except that the gas 
composition was controlled so that the ethylene/a-olefin copolymer (A-6) had a density and MFR shown in Table 1 . The 
ethylene/a-olefin copolymer (A-6) and the ethylene/a-olefin copolymer (A-5) prepared in Example 9 were melt kneaded 
in a weight ratio of 60/40 ((A-6)/(A-5)) and pelletized, to obtain an ethylene copolymer composition (L-2). From the pel- 
lets of the ethylene copolymer composition (L-2), an inflation film was produced in the same manner as in Examples 5 
to 8. The results are set forth in Tables 2 and 3. 

Example 11 

[0191 ] Ethylene/a-olefin copolymers (A-7) and (A-8) were each prepared in the same manner as in Example 1 , except 
that the gas composition was controlled so that each of the ethylene/a-olefin copolymers (A-7) and (A-8) had a density 
and MFR shown in Table 1. The ethylene/a-olefin copolymers (A-7) and (A-8) were melt kneaded in a weight ratio of 
60/40 ((A-7)/(A-8)) and pelletized, to obtain an ethylene copolymer composition (L-3). Rom the pellets of the ethylene 
copolymer composition (L-3), an inflation film was produced in the same manner as in Examples 5 to 8. The results are 
set forth in Tables 2 and 3. 
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Table 1 







7— 

Type of 
c on\onomer L 




MFR 

(g/lQmin) 




Decane- 
soluble 
component 
fraction 
W (wt%> 


*1 


Melting 
Tm fc) 


Ex.^l 


B-l 


1-hexene 




0.20 


0.925 


0.17 


0.99 


117.30 


Ex. 2 


C-l 


1 -hexene 


2. SO 


1.50 


0.925 


0.15 


0.99 


116.50 


Ex. 1 


A-l 


1-hexene 


2.60 


1.10 


0.924 


0.20 


1.08 


117.10 


Ex. 2 


A-2 


1 -hexene 


2.10 


1.50 


0.928 


0.12 


0.76 


118.30 


Ex. 3 


A-3 


1-hexene 


3.50 


1.90 


0.915 


0.29 


2.52 


114.40 


Ex. 4 


A'-l 


1-hexene 


2.50 


1.20 


0.925 


0.15 


0.99 


117.20 


Comp. 
Ex. 1 


C-2 


1-hexene 


2.60 


1.10 


0.925 


0.19 


0.99 


116.60 


Comp. 
Ex. 2 


D 


1-hexene 


2. SO 


1.00 


0.923 


0.21 


1.19 


115.40 


Ex. 9 


A-4 


1-hexene 


3.20 


0.39 


0.912 


0.32 


3.36 


109.80 


Ex. 9 


A- 5 


1-hexene 


0.80 


30 


0.945 


0.03 


0.37 


128.60 


Ex.10 


A- 6 


1 -hexene 


3.00 


0.48 


0.915 


0.29 


2.52 


111.60 


Ex.11 


A-7 


1-hexene 


2.80 


0.32 


0.921 


0.21 


1.43 


113.50 


Ex.11 


A-8 


1-hexene 


1.80 


48 


, 0.932 


0.38 


1.24 


119.80 



*1: MFR & 10 g/10 Mn 

value of 80 x exp(-100 (d-0.88) } +0.1 

30 

MFR > 10 g/10 min 
value of 80 x (MFR-9) 0 - 26 x exp(-100 (d-0.88) ) + 0.1 
*2: value of 400 x d - 248 
ss *3: value of 9.0 X MFR -0 * 65 

*4: value of 2.2 x MFR' 0 - 84 

*5: value of (0.039Ln(C-2) + 0.0096) X x + 2.87, 
w C: carbon atom number of comonomer (1-hexene: 6) , 

x: content (mol%) of comonomer 
*6: value of (0 . 039Ln (C-2) + 0.1660) x x + 2.87, 

C: carbon atom number of comonomer (1-hexene: 6), 
4 * x: content (mol%) of comonomer 



EP 0 9261 69 A2 

Table 1 (cont.) 



15 







*2 


MT 

(sr) 


*3 


*4 


Ea x 10"* 

(J/molK) 


*S 


*6 


Mw/M 
n 


Prep. 
Ex. 1 


B-l 


122.00 


21.40 


25.60 


8.50 


3.08 


3.01 


3.35 


2. 60 


Prep. 
Ex. 2 


C-l 


122.00 


1.20 


7.00 


1.60 


3.01 


3.03 


3.42 


2.00 


Ex. 1 


A-l 


121.60 


3.70 


8.40 


2.00 


3.04 


3.04 


3.44 


2.20 


Ex. 2 


A- 2 


123.20 


3.30 


7.00 


1.60 


3.02 


3.00 


3.33 


2-20 


Ex. 3 


A- 3 


118.00 


3.00 


5.90 


1.30 


3.15 


3.09 


3.64 


2.30 


Ex. 4 


A'-l 


122.00 


3.40 


8.00 


1.90 


3.05 


3.03 


3.42 


2.33 


Conp. 
Ex. 1 


C-2 


122.00 


1.60 


8.40 


2.00 


3.05 


3.04 


3.44 


2.00 


Ex. 2 


D 


121.20 


3.50 


9.00 


2.20 


3.51 


3.03 


3.42 


2.80 


Ex. 9 


A- 4 


116.80 


10.80 


16.60 


4.90 


3.10 


3.07 


3.57 


2.20 


Ex. 9 


A-5 


130.00 














2.10 


Ex.10 


A-6 


118.00 


10.10 


14.50 


4.10 


3.08 


3.06 


3.53 


2.30 


EX.11 


.A-7 


120.40 


11.50 


18.90 


5.70 


3.08 


3.05 


3.49 


2.20 


Ex.ll 


A-8 


124.80 














2.00 



*1: HPR S 10 g/10 min 

value of 80 x exp{-100 (d-0.88) ) + 0.1 
MFR > 10 g/10 min 

value of 80 X (MFR-9)°-26 x exp{-100 (d-0.88) ) +0.1 
*2: value of 400 x d - 248 
*3: value of 9.0 x MFR~°- 6 5 
*4: value of 2.2 x MFR -0 * 8 * 

*5: value of <0. 039Ln(C-2) + 0.0096) x x + 2.87, 

Ci carbon atom number of comonomer {1-hexene: 6), 

x: content (mol%) of comonomer 
*6: value of (0.039Ln(C-2) + 0.1660) x x + 2.87, 

C: carbon atom number of comonomer (1-hexene: 6), 

x: content (mol%) of comonomer 
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Table 2 







c-l 


c-ll 


c-lfc-ll 


MFR(g/10min) 


Density 
(g/cm 3 ) 


MT(g) 


*3 


*4 


Fl (l/sec) 


*7 


Ex.9 


L-1 


A-4 


A-5 


60/40 


1.52 


0.925 


4.1 


6.9 


1.5 


270 


150 


Ex.10 


L-2 


A-6 


A-5 


60/40 


1.63 


0.928 


2.7 


6.6 


1.5 


290 


160 


Ex.11 


L-3 


A-7 


A-8 


60/40 


1.48 


0.926 


3.8 


7.0 


1.6 


260 


150 



-3:valueof9.0xMFB 065 
*4:valueof25xMFR" 084 
*7: value of 100 x MFR 



Table 3 







Haze 

{%> 


*8 


FI 

{1/sec) 


*7 


Gloss 
{%> 


Dart 
impact 
strength 
..„ W 


Ex. 5 


A-l 


3.90 


4-7 


90 


110 


93 


3.77 


Ex. 6 


A- 2 


4.20 


4.7 


120 


150 


92 


3.21 


Ex. 7 


A-3 


3.40 


3.8 


150 


190 


98 


>10 


Ex. 8 


A'-l 


4.40 


4.5 


90 


120 


90 


3.50 


Coas>. 
Ex- 3 


C-2 


11,2 


2.8 


70 


110 


60 


3.68 


Corap . 
Ex. 4 


D 


8.9 


4.5 


350 


100 


56 


2.30 


Ex. 9 


L-1 


7.7 


9.9 


270 


152 


74 


3.89 


Ex.10 


L-2 


6.5 


8.4 


290 


163 


85 


3.33 


Ex.11 


L-3 


7.0 


9.7 


260 


148 


79 


3.91 



*7: value of 100 x MFR 

*8: FI S 100MFR (FI: flow index, MFR: melt flow rate): 
carbon atom number (C) of a-olefin = 6: 

value of 0.45/ (1-d) x log(3 X MT 1 -*) x (C-3)°-l 
carbon atom number (C) of oc-olefin = 7 or 8: 

value of 0.50/ (1-d) x log(3 x MT 1 -*) 
FI < 100MFR (FI: flow index, MFR: melt flow rate): 
carbon atom number (C) of a-olefin = 6: 

value of 0.25/ (1-d) x log (3 x KT 1 - 4 ) x (C-3) 0 - 1 
carbon atom number (C) of o-olef in = 7 or -8 : 

value of 0.50/ (1-d) x log (3 x MT 1 - 4 ) 
(d: density (g/cm 3 ), MT: melt tension (g) ) 
*9: moldability 
AA: MT t 3 
BB: 2 £ MT < 3 
CC: MT < 2 
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Table 3 (cont.) 







Moldability 
*9 


MFR 

(g/lOmin) 


MT 


Density 
(cr/cnP ) 


Ea x io~4 

f j/molit) 


Ex. 5 


A-1 


AA 


1.10 


3.70 


0.924 


3.04 


Ex. 6 


A-2 ■ 


AA 


1.50 


3.30 


0.928 


3.02 


Ex. 7 


A-3 


AA 


1.90 


3.30 


0,915 


3.15 


EX- 8 


A'-l 


AA 


1.20 


3.40 


0.925 


3.05 


Ex. 3 


<C-2 


CC 


1.10 


1.60 


0.925 


3.05 


Ex. 4 


D 


AA 


1.00 


3.50 


0.923 


3.51 


'-Ex. 9 


L-l 


AA 


1.52 


4.10 


0.925 


3.11 


Ex.il 


L-2 


BB 


1.63 


2.70 


0.928 


3.05 


Ex.11- 


L-3, 


AA 


1.48 


3.80 


0.926 


3.09 



\? : va&e of 100 x MFR 

*8: *FI & 100MFR (PI: flow index, MFR: melt flow rate) : 
carbon atom number (C) of a-olefin » 6: 

value of 0.4S/(l-d) X log(3 X MT 1 -*) x (C-3)°-l 
carbon atom number (C) of a-olef in = 7 or 8 : 

value of 0.50/ (3>d) x log(3 x MT 1 -*) 
FI < 100MFR (PI: flow index, MFR: melt flow rate) : 
carbon atom number (C) of a-olef in = 6: 

value of 0.25/ (1-d) X log(3 x MT 1 - 4 ) x (C-3) 0 - 1 
carbon atom number (C) of a-olef in = 7 or 8: 

value of 0.50/ (1-d) x log (3 x MT 1 - 4 ) 
(d: density (g/cm 3 ), MT: melt tension (g) ) 
*9: moldability 
AA: MT 2 3 
BB: 2 5 MT < 3 
CC: MT < 2 



1 . A copolymer (A) of ethylene and an a-olefin having 6 to 8 carbon atoms, the copolymer having: 

(A-i) a melt tension (MT) at 190°C and a melt flow rate (MFR) which satisfy the relationship 

9.0xMFR ° 65 > MT > 2-2XMFR -0 " 84 ; 

(A-ii) a flow activation energy ((EJxl 0" 4 J/molK) determined from a shift factor of time-temperature superposi- 
tion of the flow curve, a carbon atom number (C) of the a-olefin in the copolymer and a a-oiefin content (x 
mol%) in the copolymer which satisfy the following relationship 
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(O.O39Ln(C-2)+0.OO96)xx+2.87 < (E ft )x10 "* €. (0.039Ln(C-2)+0.1660)xx+2.87; 

and 

(A-iii) a haze value when formed into a film having a thickness of 30 by inflation molding, a density (d) in 
g/cm 3 and a melt tension (MT) which satisfy the following relationships: 

when the flow index (Fl) defined as a shear rate when the shear stress reaches 2.4x1 0 6 dyne/cm 2 at 190°C 
and the melt flow rate (MFR) satisfy the relationship Fi a 100xMFR , 

Haze < 0.45/(1-d)xtog(3xMT 14 )x(C-3) 01 

when the carbon atom number (C) of the a-olefin is 6. or 

Haze < 0.50/(1-d)xlog(3xMT 1 - 4 ) 

when the carbon atom number (C) of the a-olefin is 7 or 8. 
and 

when the flow index (Fl) defined as a shear rate when the shear stress reaches 2.4x1 0 6 dyne/cm 2 at 190°C 
and the melt flow rate (MFR) satisfy the relationship Fl < lOOxMFR , 

Haze < 0.25/(1-d)xlog(3xWrr 1 - 4 )x(C-3) 0 - 1 

when the carbon atom number (C) of the a-olefin is 6, 

Haze < 0.50/(1 -dJxIogOxMT 1 4 ) 

when the carbon atom number (C) of the a-olefin is 7 or 8. 

2. A process for preparing an ethylene/a-olef in copolymer, which process comprises copolymerizing ethylene and an 
a-olefin having 6 to 8 carbon atoms in the presence of an olefin polymerization catalyst comprising: 

(a) an organoaluminum oxy-compound; 

(b-l) at least one transition metal compound of formula (I): 



wherein M is a transition metal atom of Group 4 of the periodic table: at least two ligands L 1 are each a substi- 
tuted cyclopentadienyl group having at least one hydrocarbon substituent group having 3 to 10 carbon atom, 
and the ligand L 1 other than the substituted cyclopentadienyl group is a hydrocarbon group having 1 to 12 car- 
bon atoms, an alkoxy group, an aryloxy group, a trialkylsilyl group, a halogen atom or a hydrogen atom; and x 
40 is the valence of metal M ; 

and 

(b-ll) at least one transition metal compound of formula (II): 

ML 2 X (II) 

45 

wherein M is the transition metal atom selected from Group 4 of the periodic table; at least two ligands L 2 are 
each a methylcyclopentadienyl group or an ethylcycloperrtadienyl group, and the ligand L 2 other than the meth- 
ylcydopentadienyl group or the ethytcyclopentadienyl group is a hydrocarbon group having 1 to 12 carbon 
atoms, an alkoxy group, an aryloxy group, a trialkysilyl group, a halogen atom or a hydrogen atom; and x is the 
so valence of metal M. 

3. A process according to claim 2, wherein the catalyst further comprises a carrier (c) on which the organoaluminum 
oxy-compound (a), the transition metal compound (b-l) and the transition metal compound (b-ll) are supported. 

55 4. An ethylene/a-oief in copolymer as defined in claim 1 obtainable by a process as defined in claim 2 or claim 3. 



5. An ethylene copolymer composition (A*) comprising: 

a copolymer (B) of ethylene and an a-olefin of 6 to 8 carbon atoms, the copolymer (B) having: 
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(B-i) a density of from 0.880 to 0.970 g/cm 3 - 

(B-ii) a melt flow rate (MFR) at 190°C under a load of 2.16 kg of from 0.02 to 200 g/10 min, 

(B-ili) a decane-soiuble component fraction (W) at room temperature and a density (d) which satisfy the rela- 



W < 80xexp(-100(d-O.88))-»O.1 

when MFR £ 1Og/10min,or 

W < 80x(MFR-9) a2e xexp(-100(d-0.88))-0.1 

when MFR > 10 g/10min, 

(B-iv) a temperature (Tm) at the maximum peak position of an endothermic curve of the copolymer as meas- 
ured by a differential scanning calorimeter (DSC) and a density (d) which satisfy the relationship 

Tm < 400xd-248, 

(B-v) a melt tension (MT) at 1 90 6 C and a melt flow rate (MFR) which satisfy the relationship 

9.0xMFR 085 > MT > 2.2xMFR" 0 84 , 

(B-vi) a flow activation energy {(E^xlO" 4 J/molK) determined from a shift factor of time-temperature superpo- 
sition of the flow curve, a carbon atom number (C) of the a-olefin in the copolymer and an a-defin content (x 
mol%) in the copolymer which satisfy the relationship 

(0.039Ln(C-2)+0.0096)xx+2.87 < (E a )x10"* S (0.039Ln(O2)+0. 1 660xx+2.87 

and 

(B-vii) a ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular weight 
(Mn), as determined by GPC, which satisfies the condition 

2.2 < Mw/Mn < 3.5; and 

a copolymer (C) of ethylene and an a-olefin having 6 to 8 carbon atoms, the copolymer (C) having: 
(C-i) a density of from 0.880 to 0.970 g/cm 3 . 

(C-ii) a melt flow rate (MFR) at 190°C under a load of 2.16 kg of from 0.02 to 200 g/10 min. 

(C-iii) a decane-soluWe component fraction (W) at room temperature and a density (d) which satisfy the rela- 



W < 80xexp(-100(d-0.88))+0.1 

when MFR£l0g/10min.or 

W < 80x(MFR-9) 05S xexp(-1 00(d-O.88))4O.1 

when MFR > 10 g/10 min, 

(C-iv) a temperature (Tm) at the maximum peak position of an endothermic curve of the copolymer as meas- 
ured by a differential scanning calorimeter (DSC) and a density (d) which satisfy the relationship 

Tm < 400xd-248, 

and 

(C-v) a melt tension (MT) at 190°C and a melt flow rate (MFR) which satisfy the relationship 
MT<;2^xMFR' a84 ; 

wherein the ratio of the melt flow rate of the copolymer (C) (MFR(Q) to the melt flow rate of the copolymer (B) 
(MFR(B)) satisfies the condition: 
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1 <(MFR(0))/(MFR{B))s20. 

6. An ethylene copolymer composition according to claim 5, whererein the ethylene/a-olefin copolymers (B) and (C) 
are both ethylene/1 -hexene copolymers, the ethylene copolymer composition having: 

5 

(A'-i) a melt tension (MT) at 190°C and a melt flow rate (MFR) which satisfy the relationship 

g-OxWIFR -0 - 65 > MT > 2.2MFR" 0 - 84 , 

io (A'-ii) a flow activation energy ((EJxl O^J/molK) determined from a shift factor of time-temperature superposi- 

tion of the flow curve, a carbon atom number (C) of 1 -hexene in the copolymers (B) and (C). and a total content 
(x mol%) of the 1 -hexene in the copolymers (B) and (C) which satisfy the relationship 

(0.039Ln(C-2)+O.0096xx+2.87 < (EJxIO" 4 £ (0.039Ln(C-2)+0.1160)xx+2.87, 

75 

and 

(A'-iii) a haze value when formed into a film having a thickness of 30 jim by inflation molding, a density (d) in 
g/cm 3 and a melt tension (MT) which satisfy the following relationships: 

when the flow index (Fl) defined as a shear rate when the shear stress reaches 2.4x1 0 6 dyne/cm 2 at 190°C 
so and the melt flow rate (MFR) satisfy the relationship Fl ^ 1 0OxMFR , 

Haze < 0.45/(1-d)xlog(3xMT 14 )x(C-3) 01 

and 

25 when the flow index (Fl) defined as a shear rate when the shear stress reaches 2.4x1 0 6 dyne/cm 2 at 190 o C 

and the melt flow rate (MFR) satisfy the relation Fl < 1 0OxMFR , 

Haze < 0.25/(1-d)xlog(3xMT 14 )x(C-3) 01 . 

so 7. An ethylene copolymer composition according to claim 6, further having: 

(A'-iv) a ratio (Mw/Mn) of the weight-average molecular weight (Mw) to the number-average molecular weight 
(Mn), as determined by GPC, which satisfies the condition 

35 2.0 £ Mw/Mn s; 2.5. 

8. An ethylene copolymer composition comprising : 

(A) an ethylene/a-olefin copolymer as defined in claim 1 or claim 4, and 

40 (D) an ethylene/a-olefin copolymer obtainable by copolymerizing ethylene and an a-olefin having 3 to 20 car- 

bon atoms in the presence of an olefin polymerization catalyst comprising (a) an organoaluminum oxy-com- 
pound and (b-lll) a transition metal compound of a transition metal of Group 4 of the periodic table containing - 
a ligand having a cydopentadienyl skeleton, the copolymer having: 
(D-i) a density of from 0.850 to 0.980 g/cm 3 , and 

46 (D-ii) an intrinsic viscosity ft), as measured in decalin at 135-0, of from 0.4 to 8 dl/g; 

with the proviso that the ethylene/a-olefin copolymer (A) is not identical to the ethylene/a-olefin copolymer (D). 

9. An ethylene copolymer composition comprising: 

so (A") an ethylene copolymer composition as defined in any one of claims 5 to 7; 

and 

(D) an ethylene/a-olefin copolymer obtainable by copolymerizing ethylene and an a-olefin of 3 to 20 carbon 
atoms in the presence of an olefin polymerization catalyst comprising (a) an organoaluminum oxy-compound 
and (b-lll) a transition metal compound of a transition metal of Group 4 of the periodic table containing a ligand 
55 having a cydopentadienyl skeleton, the copolymer having: 

(D-i) a density of from 0.850 to 0.980 g/cm 3 , and 

(D-ii) an intrinsic viscosity fa), as measured in decalin at ISS'C, of from 0.4 to 8 dl/g; 

with the proviso that each of the ethylene/a-olefin copolymers (B) and (C) is not identical to the ethylene/a-ole- 
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10. A molded article or film formed from an ethylene/cx-olefin copolymer as defined in claim 1 or claim 4 or an ethyl- 
ene/a-olef in copolymer composition as defined in any one of claim 5 to 9. 



10 
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